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TITLE OF THE INVENTION 
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MAGNETO-RE S I STANCE TRANSDUCER SYSTEM, AND MAGNETIC STORAGE SYSTEM 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a magneto-resistance 
effect element for writing and reading an information signal on 
magnetic storage media, a magneto-resistance effect head 
comprising the magneto-resistance effect element, a magneto- 
resistance transducer system comprising the magneto-resistance 
effect head, and a magnetic storage system comprising the 
magneto-resistance transducer system. More particularly, the 
present invention relates to a magneto-resistance effect element 
that reduces noise in a read signal. 
Description of the Related Art 

Conventionally disclosed is a magnetic read transducer 
that is referred to as a magneto-resistance sensor (hereinafter 
referred to as an MR sensor) or a head. This magnetic read 
transducer can read data from a magnetic surface at high linear 
densities. The MR sensor allows the read element to vary the 
electrical resistance as the function of the strength and the 
orientation of a magnetic flux applied from the outside in order 
to measure a variation in electrical resistance, thereby 
detecting a magnetic signal. 

Such a conventional MR sensor operates based on the 
anisotropic magneto-resistance effect (hereinafter referred to as 
an AMR effect). By this effect, the component of a change in 
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electrical resistance of the read element varies in proportion to 
the second power of the cosine .of the angle between the 
orientation of magnetization and the direction of the sense 
current flowing through the read element. The AMR effect is 
5 described in more detail in an article entitled "Memory, Storage , 
and Related Applications" , D.A. Thompson, IEEE Transactions on 
Magnetics, Vol. MAG-11, No. 4, pp. 1039 (1975). 

In addition, disclosed lately is a more prominent magneto- 
□ resistance effect by which a change in electrical resistance of 

:Q 10 the layered magnetic sensor is caused by spin-dependent 

f rss 

lp transportation of conduction electrons between magnetic layers 

111 

jij via a non-magnetic layer and spin-dependent scattering associated 

therewith at layer boundaries. This magneto-resistance effect is 
^ identified by various names such as the "giant magneto-resistance 

JS? 15 effect" or the "spin valve effect". Such a magneto-resistance 
sensor is formed of suitable materials to provide improved 
detection sensitivity and greater changes in electrical 
resistance in comparison with a sensor which makes use of the AMR 
effect. In a MR sensor of this type, in-plane resistance between 
20 a pair of ferromagnetic layers separated by a non-magnetic layer 
varies in proportion to the cosine of the angle between the 
orientations of magnetization of the aforementioned pair of 
ferromagnetic layers. In Japanese Patent Laid-Open Publication 
No. Hei 2-61572 submitted in July 1988, for claiming priority, 
25 described is a layered magnetic structure for providing a 

significant change in MR caused by an anti-parallel alignment of 
the orientations of magnetization in the magnetic layers. 

On the other hand, such a phenomenon has been recently 



discovered in which a relative change in orientation of 
magnetization of ferromagnetic bodies disposed above and below a 
very thin insulation layer (barrier layer) through which a 
tunneling current flows , causes a change in electrical resistance. 
And, the layered structure made up of the ferromagnetic layer, 
the barrier layer, and the ferromagnetic layer is termed a 
ferromagnetic tunnel junction. For example, ferromagnetic tunnel 
junctions are introduced in "Journal of Applied Physics", Vol. 79 
(8), No. 15, pp. 4724 (1996). 

On the other hand, in a shield type element that makes use 
of a ferromagnetic tunnel junction, it is necessary to conduct a 
sense current for detecting a change in electrical resistance of 
the element in perpendicular relation to the tunnel junction. 
However, the structure similar to the shield type element 
employing the conventional spin valve presents a problem that the 
sense current flows through a vertical bias layer for controlling 
the magnetic domain of the free layer disposed near the tunnel 
junction to reduce the current flowing through the tunnel 
junction, thereby providing a reduced change in electrical 
resistance. 

In order to overcome this problem, a read head was 
disclosed in Japanese Patent Laid-Open Publication No.Hei 10- 
162327 submitted on November 27, 1996, for claiming priority. 
The read head, employing a ferromagnetic tunnel junction film, 
has a structure in which the vertical bias layer is not in 
contact with the free layer. 

Fig. 1 is a fragmentary sectional view illustrating the 
prior-art ferromagnetic tunnel head described in Japanese Patent 
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Laid-Open Publication No. Hei 10-162327. Fig. 1 illustrates the 
structure of a patterned ferromagnetic tunnel junction element, 
or a magneto-resistance effect element 30 f having an insulation 
layer 11 disposed between a vertical bias layer 2b and a free 
5 layer 3b. This structure can prevent a sense current from 
flowing through the vertical bias layer 2b. 

However, since the insulation layer 11 disposed between 
the vertical bias layer 2b and the free layer 3b acts also as a 
magnetic separation layer, it is difficult in the magneto- 

10 resistance effect element 30 to apply a vertical bias magnetic 
field of a sufficient magnitude to the free layer 3b. This 
presents such a problem that the magnetic domain of the free 
layer 3b is controlled insufficiently to cause the hysteresis of 
the R-H loop to increase for the shield type sensor, thereby 

15 providing a high-noise-level read signal upon reading magnetic 
information on a storage medium. 

In order to overcome this problem, a read head was 
disclosed in Japanese Patent Laid-Open Publication No. Hei 10- 
255231 submitted on March 7, 1997, 1996, for claiming priority. 

20 The read head, employing a ferromagnetic tunnel junction film, 
has a structure in which the vertical bias layer is in contact 
with the free layer. 

Figs. 2 and 3 are fragmentary sectional views of the 
ferromagnetic tunnel head described in Japanese Patent Laid-Open 

25 Publication No. Hei 10-255231. Figs. 2 and 3 illustrate the 
structure of a layered body comprising the free layer 3b, the 
non-magnetic layer 4, and the fixed layer 5, in which the 
vertical bias layer 2b is in direct contact with the end portion 
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of either the free layer 3b or the fixed layer 5. 

However, the structure shown in Figs. 2 and 3 prevents the 
following problem. As will be described in the preferred 
embodiments of the present invention , the read head, which was 
5 actually fabricated to the structure shown in Figs. 2 and 3, 

caused the sense current to flow into the vertical bias layer 2b 
and thus insufficiently flow through the non-magnetic layer 4. 
It is thereby made impossible to provide sufficient output of the 
sense current. The low output made it impossible to provide 
10 sufficient (S/N) ratios and bit error rates. As described above, 
this structure may make it possible in principle to prevent the 
sense current from flowing through the vertical bias layer 2b and 
thereby bypassing the non-magnetic layer 4. However, the 
vertical bias layer 2b is disposed in close proximity to the end 
15 portion of the non-magnetic layer 4 in the layered body made up 
of the free layer 3b, the non-magnetic layer 4, and the fixed 
layer 5. Thus, it is difficult to fabricate this structure 
precisely enough to prevent the sense current from flowing 
through the vertical bias layer 2b and thereby bypassing the non- 
20 magnetic layer 4. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a 
magneto-resistance effect element, a magneto-resistance effect 
25 head, a magneto-resistance transducer system, and a magnetic 

storage system, which can prevent the sense current from flowing 
into the vertical bias layer, provide a read signal of a low 
noise level, and a good (S/N) ratio and bit error rate. 
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A magneto-resistance effect element according to the 
present invention comprises a lower conductive layer and a free 
layer provided on the lower conductive layer and having an 
orientation of magnetization varied by a magnetic field applied 
5 thereto. The magneto-resistance effect element also comprises a 
non-magnetic layer provided on top of the free layer, a fixed 
layer provided on the non-magnetic layer and having a pinned 
orientation of magnetization, and a vertical bias layer, provided 
13 on the lower conductive layer, for applying a magnetic field to 

«S 10 the free layer* The magneto-resistance effect element is adapted 

i 

ifl that the free layer is greater in length in the direction of a 

}U magnetic field applied thereto by the vertical bias layer than 

* Jar 

the fixed layer, and a sense current for detecting a change in 
;!] electrical resistance of the non-magnetic layer flows 

15 substantially in perpendicular relation to the non-magnetic layer. 
;~ In the present invention, the free layer is made greater 

in length than the fixed layer in the direction of magnetic field 
applied by the vertical bias layer, thereby allowing only the 
free layer to be disposed near the vertical bias layer. This 

20 allows the vertical bias layer to effectively apply a vertical 
bias magnetic field to the free layer and makes it possible to 
prevent the leakage of a sense current from the fixed layer to 
the vertical bias layer. This allows almost all the sense 
current, which is applied to the magneto-resistance effect 

25 element to detect a change in electrical resistance, to flow 
through the non-magnetic layer, thereby making it possible to 
reduce noise in the read signal waveform and improve the (S/N) 
ratio and bit error rate. Incidentally, that the sense current 



flows substantially in perpendicular relation to the 
aforementioned non-magnetic layer means that the sense current 
flows in orthogonal relation thereto to such an extent as to 
measure a change in electrical resistance of the non-magnetic 
layer without any trouble. In addition, the direction of the 
magnetic field applied by the aforementioned vertical bias layer 
agrees with the direction perpendicular to the direction in which 
the aforementioned sense current flows on a plane parallel to an 
air bearing surface of the magneto-resistance effect head. 

In addition, it is preferable that the lower conductive 
layer has a recessed portion, and at least part of the vertical 
bias layer is buried in the recessed portion. 

This makes it possible to place the vertical bias layer 
and the free layer to be flush with each other, and allows the 
vertical bias layer to apply a vertical bias magnetic field 
smoothly and effectively to the free layer. 

Furthermore, at least part of the free layer can be 
brought into direct contact with the vertical bias layer. 
Alternatively, the underlying layer for free layer may be 
provided below the free layer such that the underlying layer for 
free layer is brought into contact with the vertical bias layer. 
A vertical bias layer protective layer may be provided on the 
vertical bias layer such that the vertical bias layer protective 
layer is brought into contact with the free layer or the 
underlying layer for free layer. 

This allows the vertical bias layer to apply a vertical 
bias magnetic field more positively and effectively to the free 
layer . 



# 
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A magneto-resistance effect element according to the 
present invention comprises a lower conductive layer , a magnetic 
layer provided on the lower conductive layer , and a free layer 
provided on the magnetic layer and having an orientation of 
5 magnetization varied by a magnetic field coupled magnetically to 
the magnetic layer and applied thereto. The magneto-resistance 
effect element also comprises a non-magnetic layer provided on 
the free layer , a fixed layer provided on the non-magnetic layer 
(□ and having a pinned orientation of magnetization , and a vertical 

\Q 10 bias layer, provided on the lower conductive layer, for applying 
|p a magnetic field to the free layer. The magneto-resistance 



effect element is adapted that the magnetic layer is greater in 
length in the direction of a magnetic field applied thereto by 
the vertical bias layer than the free layer, and a sense current 

15 for detecting a change in electrical resistance of the non- 
magnetic body flows substantially in perpendicular relation to 
the non-magnetic layer. 

In addition, the magnetic layer can be magnetically 
coupled to the free layer by anti-ferromagnetic coupling or 

20 ferromagnetic coupling. Furthermore, a second non-magnetic layer 
may be provided between the magnetic layer and the free layer. 

In the present invention, a vertical bias magnetic field 
is once applied to the magnetic layer from the vertical bias 
layer, and then the vertical bias magnetic field is applied to 

25 the free layer from the magnetic layer. The vertical bias 

magnetic field is thus applied to the free layer through the two 
steps, thereby facilitating the control of the vertical bias 
magnetic field applied to the free layer. In addition, in the 



direction of the magnetic field applied by the vertical bias 
layer , the free layer is made greater in length than the free 
layer , thereby placing only the magnetic layer near the vertical 
bias layer. This allows the vertical bias layer to effectively 
apply the vertical bias magnetic field to the magnetic layer and 
makes it possible to prevent the leakage of sense current from 
the layered body to the vertical bias layer , thereby allowing 
almost all sense current to conduct through the non-magnetic 
layer . 

Furthermore , at least part of the magnetic layer can be 
brought into direct contact with the vertical bias layer. 
Alternatively, the underlying layer for magnetic layer may be 
provided below the magnetic layer such that the underlying layer 
for magnetic layer is brought into contact with the vertical bias 
layer. A vertical bias layer protective layer may be provided on 
the vertical bias layer such that the vertical bias layer 
protective layer is brought into contact with the magnetic layer 
or the underlying layer for magnetic layer. 

This allows the vertical bias layer to apply a vertical 
bias magnetic field more positively and effectively to the 
magnetic layer. 

A magneto-resistance effect element according to the 
present invention comprises a lower conductive layer, a fixed 
layer provided on the lower conductive layer and having a pined 
orientation of magnetization, and a non-magnetic layer provided 
on the fixed layer. The magneto-resistance effect element also 
comprises a free layer provided on the non-magnetic layer and 
having an orientation of magnetization varied by a magnetic field 
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applied thereto, a magnetic layer provided on the free layer and 
magnetically coupled to the free layer, and a vertical bias layer 
for applying a magnetic field to the magnetic layer. The 
magneto-resistance effect element is adapted that a sense current 
for detecting a change in electrical resistance of the non- 
magnetic layer flows substantially in perpendicular relation to 
the non-magnetic layer. 

In addition, a fixing layer for pinning the orientation of 
magnetization of the fixed layer may be provided below the fixed 
layer . 

Furthermore, it is preferable that at least part of the 
magnetic layer is brought into direct contact with the vertical 
bias layer. Alternatively, the underlying layer for magnetic 
layer may be provided below the magnetic layer such that the 
underlying layer for magnetic layer is brought into contact with 
the vertical bias layer. A vertical bias layer protective layer 
may be provided on the vertical bias layer such that the vertical 
bias layer protective layer is brought into contact with the 
magnetic layer or the underlying layer for magnetic layer. 

In addition, the magnetic layer can be magnetically 
coupled to the free layer by anti-ferromagnetic coupling or 
ferromagnetic coupling. Furthermore, the second non-magnetic 
layer may be provided between the magnetic layer and the free 
layer . 

A magneto-resistance effect element according to the 
present invention comprises a lower conductive layer, a fixed 
layer provided on the lower conductive layer and having a pinned 
orientation of magnetization, and a first non-magnetic layer 



provided on the fixed layer. The magneto-resistance effect 
element also comprises a free layer provided on the first non- 
magnetic layer and having an orientation of magnetization varied 
by a magnetic field applied thereto. The magneto-resistance 
effect element further comprises a first magnetic layer provided 
on the free layer and magnetically coupled to the free layer, a 
second magnetic layer provided on the first magnetic layer and 
magnetically coupled to the first magnetic layer, and a vertical 
bias layer for applying a magnetic field to the first and second 
magnetic layers. The magneto-resistance effect element is 
adapted that a sense current for detecting a change in electrical 
resistance of the first non-magnetic layer flows substantially in 
perpendicular relation to the first non-magnetic layer. 

In addition, the first magnetic layer and the second 
magnetic layer are equal to or greater than the free layer in 
length in the direction of the magnetic field applied by the 
vertical bias layer, respectively. 

Furthermore, a second non-magnetic layer can be provided 
between the free layer and the first magnetic layer, while a 
third non-magnetic layer can be provided between the first 
magnetic layer and the second magnetic layer. In addition, an 
underlying layer for fixing layer may be provided under the 
fixing layer. 

In the present invention, a vertical bias magnetic field 
can be once applied to a three- layered film made up of the first 
magnetic layer, the third non-magnetic layer, and the second 
magnetic layer, from the vertical bias layer and then to the free 
layer from the three-layered film. As described above, the 



vertical bias magnetic field is applied to the free layer from 
the vertical bias layer through two steps, thereby facilitating 
the control of the vertical bias magnetic field applied to the 
free layer. 

Still furthermore, the product of saturation magnetization 
and film thickness of the first magnetic layer can be 
substantially equal to the product of saturation magnetization 
and film thickness of the second magnetic layer, and the three- 
layered film made up of the first magnetic layer, the third non- 
magnetic layer, and the second magnetic layer can be a layered 
ant i ferromagnetic body. 

This eliminates the sensitivity of the three-layered film 
to magnetic fields but provides only the free layer with the 
sensitivity to magnetic fields. For this reason, when the 
magneto-resistance effect element is incorporated into a read 
head, the read track width is determined only by the width of the 
free layer, thus making it possible to prevent the broadening of 
the effective track width. Incidentally, "being substantially 
equal" means "being equal to such an extent that an effect of 
reduction in sensitivity of the three-layered film to magnetic 
fields can be recognized" . 

In addition, it is desirable that at least part of the 
first magnetic layer is in direct contact with the vertical bias 
layer. Alternatively, a first underlying layer for magnetic 
layer may be provided below the first magnetic layer such that 
the first underlying layer for magnetic layer is brought into 
contact with the vertical bias layer. A vertical bias layer 
protective layer may be provided on the vertical bias layer such 
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that the vertical bias layer protective layer is brought into 
contact with the first magnetic layer or the first under lying 
layer for magnetic layer. Similarly , it is desirable that at 
least part of the second magnetic layer is in direct contact with 
the vertical bias layer. Alternatively, a second underlying 
layer for magnetic layer may be provided below the second 
magnetic layer such that the second underlying layer for magnetic 
layer is brought into contact with the vertical bias layer. The 
vertical bias layer protective layer may also be brought into 
contact with the second magnetic layer or the second underlying 
layer for magnetic layer. 

A magneto-resistance effect element according to the 
present invention comprises a lower conductive layer, a fixed 
layer provided on the lower conductive layer and having a pinned 
orientation of magnetization, and a non-magnetic layer provided 
on the fixed layer. The magneto-resistance effect element also 
comprises a free layer provided on the non-magnetic layer and 
having an orientation of magnetization varied by a magnetic field 
applied thereto, a magnetic layer provided on the free layer, and 
a vertical bias layer, provided on the magnetic layer, for 
applying a magnetic field to the magnetic layer. The magneto- 
resistance effect element is adapted that a sense current for 
detecting a change in electrical resistance of the non-magnetic 
layer flows substantially in perpendicular relation to the non- 
magnetic layer. 

A magneto-resistance effect element according to the 
present invention comprises a lower conductive layer, a first 
fixed layer provided on the lower conductive layer and having a 




- 14 - 



pinned orientation of magnetization, and a first non-magnetic 
layer provided on the first fixed layer. The magneto-resistance 
effect element also comprises a first free layer provided on the 
first non-magnetic layer and having an orientation of 
5 magnetization varied by a magnetic field applied thereto. The 
magneto-resistance effect element further comprises a magnetic 
layer provided on the first free layer and magnetically coupled 
to the first free layer , and a second free layer provided on the 
magnetic layer and magnetically coupled to the magnetic layer. 

10 The magneto-resistance effect element also comprises a second 
non-magnetic layer provided on the second free layer , a second 
fixed layer provided on the second non-magnetic layer and having 
a pinned orientation of magnetization , and a vertical bias layer 
for applying a magnetic field to the magnetic layer. The 

15 magneto-resistance effect element is adapted that a sense current 
for detecting a change in electrical resistance of the first and 
second non-magnetic layers flows substantially in perpendicular 
relation to the first and second non-magnetic layers. 



20 equal to or greater than the first and second free layers in 
length in the direction of the magnetic field applied by the 
vertical bias layer. 



fixed layers are provided to be vertically symmetric. This makes 
25 it possible to cancel out the effects of the magnetic field 

caused by sense current flowing through the free layers and the 
fixed layers, thereby providing a linear response to the magnetic 
field. 



In addition, it is preferable that the magnetic layer is 



In the present invention, two pairs of free layers and 
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In addition, the first fixing layer for pinning the 
orientation of magnetization of the first fixed layer may be 
disposed below the first fixed layer, while the second fixing 
layer for pinning the orientation of magnetization of the second 
fixed layer may be disposed above the second fixed layer. 
Furthermore, the first underlying layer for fixing layer may be 
provided below the first fixing layer. 

In addition, the first free layer can be magnetically 
coupled to the magnetic layer by anti-ferromagnetic coupling or 
ferromagnetic coupling. Furthermore, the third non-magnetic 
layer may be provided between the first free layer and the 
magnetic layer. Likewise, the magnetic layer can be magnetically 
coupled to the second free layer by anti-ferromagnetic coupling 
or ferromagnetic coupling. Furthermore, a fourth non-magnetic 
layer may be provided between the magnetic layer and the second 
free layer. 

In addition, it is preferable that at least part of the 
magnetic layer is in direct contact with the vertical bias layer. 
Alternatively, the underlying layer for magnetic layer may be 
provided below the magnetic layer such that the underlying layer 
for magnetic layer is brought into contact with the vertical bias 
layer. A vertical bias layer protective layer may be provided on 
the vertical bias layer such that the vertical bias layer 
protective layer is brought into contact with the magnetic layer 
or the underlying layer for magnetic layer. 

A magneto-resistance effect element according to the 
present invention comprises a lower conductive layer, a first 
magnetic layer provided on the lower electrically conductive, and 




- 16 - 



a second magnetic layer provided on the first magnetic layer and 
magnetically coupled to the first magnetic layer. The magneto- 
resistance effect element also comprises a free layer provided on 
the second magnetic layer, magnetically coupled to the second 
5 magnetic layer, and having an orientation of magnetization varied 
by a magnetic field applied thereto. The magneto-resistance 
effect element further comprises a first non-magnetic layer 
provided on the free layer, a fixed layer provided on the first 
13 non-magnetic layer and having a pinned orientation of 

".=5- 

ifj 10 magnetization, and a vertical bias layer for applying a magnetic 
jjl field to the first magnetic layer. The magneto-resistance effect 

j*l element is adapted that a sense current for detecting a change in 

electrical resistance of the first non-magnetic layer flows 
!j substantially in perpendicular relation to the first non-magnetic 

{£[: 15 layer. 

J-f In addition, it is preferable that the first magnetic 

layer is equal to or greater than the free layer in length in the 
direction of the magnetic field applied by the vertical bias 
layer. It is also preferable that the second magnetic layer is 
20 equal to or greater than the free layer in length in the 

direction of the magnetic field applied by the vertical bias 
layer . 

Furthermore, a fixing layer for pinning the orientation of 
magnetization of the fixed layer may be disposed below the fixed 
25 layer. 

Still furthermore, the first magnetic layer can be 
magnetically coupled to the second magnetic layer by anti- 
ferromagnetic coupling or ferromagnetic coupling. Furthermore, a 
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second non-magnetic layer may be disposed between the first 
magnetic layer and the second magnetic layer. Likewise, the 
second magnetic layer can be magnetically coupled to the free 
layer by anti-ferromagnetic coupling or ferromagnetic coupling. 
Furthermore, a third non-magnetic layer may be disposed between 
the second magnetic layer and the free layer. 

Still furthermore, it is preferable that the product of 
saturation magnetization and film thickness of the first magnetic 
layer is substantially equal to the product of saturation 
magnetization and film thickness of the second magnetic layer. 
It is also preferable that a three-layered film made up of the 
first magnetic layer, the second non-magnetic layer, and the 
second magnetic layer is a layered antiferromagnetic body. 

Still furthermore, it is preferable that at least part of 
the first magnetic layer is in direct contact with the vertical 
bias layer. Alternatively, a first underlying layer for magnetic 
layer may be provided below the first magnetic layer such that 
the underlying layer for magnetic layer is brought into contact 
with the vertical bias layer. A vertical bias layer protective 
layer may be provided on the vertical bias layer such that the 
vertical bias layer protective layer is brought into contact with 
the magnetic layer or the underlying layer for magnetic layer. 
Likewise, it is preferable that at least part of the second 
magnetic layer is in direct contact with the vertical bias layer. 
Alternatively, an upper layer may be provided on the second 
magnetic layer such that the upper layer is brought into contact 
with the vertical bias layer. The vertical bias layer protective 
layer may be provided below the vertical bias layer such that the 
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vertical bias layer protective layer is brought into contact with 
the magnetic layer or the upper layer. 

A magneto-resistance effect element according to the 
present invention comprises a lower conductive layer , a vertical 
bias layer provided on the lower conductive layer, a first 
magnetic layer provided on the vertical bias layer, and a second 
magnetic layer provided on the first magnetic layer and 
magnetically coupled to the first magnetic layer. The magneto- 
resistance effect element also comprises a free layer provided on 
the second magnetic layer, magnetically coupled to the second 
magnetic layer, and having an orientation of magnetization varied 
by a magnetic field applied thereto. The magneto-resistance 
effect element further comprises a first non-magnetic layer 
provided on the free layer, and a fixed layer provided on the 
first non-magnetic layer and having a pinned orientation of 
magnetization. The magneto-resistance effect element is adapted 
that a sense current for detecting a change in electrical 
resistance of the first non-magnetic layer flows substantially in 
perpendicular relation to the first non-magnetic layer. 

In addition, it is preferable that the first magnetic 
layer is equal to or greater than the free layer in length in the 
direction of the magnetic field applied by the vertical bias 
layer. It is also preferable that the second magnetic layer is 
equal to or greater than the free layer in length in the 
direction of the magnetic field applied by the vertical bias 
layer. Furthermore, an underlying layer for vertical bias layer 
may be provided below the vertical bias layer. 

Still furthermore, the first magnetic layer can be 



magnetically coupled to the second magnetic layer by anti- 
ferromagnetic coupling or ferromagnetic coupling. Furthermore, a 
second non-magnetic layer may be provided between the first 
magnetic layer and the second magnetic layer. Likewise, the 
second magnetic layer can be magnetically coupled to the free 
layer by anti-ferromagnetic coupling or ferromagnetic coupling. 
Furthermore, a third non-magnetic layer may be provided between 
the second magnetic layer and the free layer. 

Still furthermore, it is preferable that the product of 
saturation magnetization and film thickness of the first magnetic 
layer is substantially equal to the product of saturation 
magnetization and film thickness of the second magnetic layer. 
It is preferable that a three-layered film made up of the first 
magnetic layer, the second non-magnetic layer, and the second 
magnetic layer is a layered ant i ferromagnetic body. 

Still furthermore, it is preferable that at least part of 
the first magnetic layer is in direct contact with the vertical 
bias layer. Alternatively, an underlying layer for magnetic 
layer may be provided below the first magnetic layer such that 
the underlying layer for magnetic layer is brought into contact 
with the vertical bias layer. A vertical bias layer protective 
layer may be provided on the vertical bias layer such that the 
vertical bias layer protective layer is brought into contact with 
the magnetic layer or the underlying layer for magnetic layer. 
Similarly, it is desirable that at least part of the second 
magnetic layer is in direct contact with the vertical bias layer. 
Alternatively, an upper layer may be provided on the second 
magnetic layer such that the upper layer is brought into contact 
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with the vertical bias layer. An underlying layer for vertical 
bias layer may be provided below the vertical bias layer such 
that the underlying layer for vertical bias layer is brought into 
contact with the magnetic layer or the upper layer. 
5 A magneto-resistance effect head according to the present 

invention comprises the magneto-resistance effect element and a 
lower shield layer serving as a substrate for the magneto- 
resistance effect element. The magneto-resistance effect head 
q also comprises an upper conductive layer, provided on the 

:Q 10 magneto-resistance effect element, for inputting a sense current 
In for detecting a change in electrical resistance of the magneto- 

m 

ry resistance effect element into the magneto-resistance effect 

,& * element; and an upper shield layer provided on the upper 

electrically conductive. 

i . § 

15 A magneto-resistance transducer system according to the 

H present invention comprises the magneto-resistance effect head, 

an electric current generator circuit for supplying a sense 
current to the magneto-resistance effect head, and a data read 
circuit for detecting a change in electrical resistance of the 

20 magneto-resistance effect head to determine a magnetic field 
applied to the magneto-resistance effect head. 

A magnetic storage system according to the present 
invention comprises the magneto-resistance transducer system and 
a magnetic storage medium having a plurality of tracks for 

25 allowing the magneto-resistance transducer system to write and 
read data thereon. The magnetic storage system also comprises a 
first actuator for moving the magneto-resistance transducer 
system to where a selected track is located in the magnetic 
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storage medium, and a second actuator for rotatably driving the 
track. 

The present invention makes it possible to provide a 
magneto-resistance effect head which has reduced noise in the 
read signal waveform and improved (S/N) ratio and bit error rate 
in comparison with the prior art. It is also possible to employ 
the magneto-resistance effect head to provide a high-performance 
magnetic read/write device and a magnetic memory device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
prior-art; 

Fig. 2 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
prior-art; 

Fig. 3 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
prior-art; 

Figs. 4-10 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to a first embodiment of the present invention; 

Fig. 11 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
variation of this embodiment; 

Fig. 12 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to 
another variation of this embodiment; 
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Figs. 13 - 21 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to a second embodiment of the present invention; 

Figs. 22 - 28 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to a third embodiment of the present invention; 

Figs. 29-31 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to a fourth embodiment of the present invention; 

Fig. 32 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
variation of this embodiment; 

Fig. 33 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to 
another variation of this embodiment; 

Figs. 34 - 37 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to a fifth embodiment of the present invention; 

Figs. 38 - 42 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to a sixth embodiment of the present invention; 

Figs. 43 - 49 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to a seventh embodiment of the present invention; 

Fig. 50 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
variation of this embodiment; 

Fig. 51 is a fragmentary sectional view illustrating the 
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structure of a magneto-resistance effect head according to 
another variation of this embodiment; 

Fig. 52 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to still 
5 another variation of this embodiment; 

Fig. 53 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to still 
another variation of this embodiment; 

Fig. 54 is a fragmentary sectional view illustrating the 
?0 10 structure of a magneto-resistance effect head according to still 
M another variation of this embodiment; 

Ifl Fig. 55 is a fragmentary sectional view illustrating the 

I : ; 

:Q structure of a magneto-resistance effect head according to still 

n another variation of this embodiment; 

iy 15 Fig. 56 is a fragmentary sectional view illustrating the 

1 1 i 

structure of a magneto-resistance effect head according to still 
another variation of this embodiment; 

Fig. 57 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to still 
20 another variation of this embodiment; 

Figs. 58 - 64 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to an eighth embodiment of the present invention; 

Fig. 65 is a fragmentary sectional view illustrating the 
25 structure of a magneto-resistance effect head according to a 
variation of this embodiment; 

Fig. 66 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to 
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another variation of this embodiment; 

Figs. 67 - 70 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to a ninth embodiment of the present invention; 
5 Figs. 71-76 are fragmentary sectional views illustrating 

a method for fabricating a magneto-resistance effect head 
according to a tenth embodiment of the present invention; 

Fig. 77 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
10 variation of this embodiment; 

Figs. 78 - 87 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
according to an eleventh embodiment of the present invention; 

Fig. 88 is a fragmentary sectional view illustrating the 
15 structure of a magneto-resistance effect head according to a 
variation of this embodiment; 

Fig. 89 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to 
another variation of this embodiment; 
20 Fig. 90 is a fragmentary sectional view illustrating the 

structure of a magneto-resistance effect head according to still 
another variation of this embodiment; 

Figs. 91-94 are fragmentary sectional views illustrating 
a method for fabricating a magneto-resistance effect head 
25 according to a twelfth embodiment of the present invention; 

Fig. 95 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
variation of this embodiment; 




ill 
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Fig. 96 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to 
another variation of this embodiment; 

Figs. 97 - 102 are fragmentary sectional views 
5 illustrating a method for fabricating a magneto-resistance effect 
head according to a thirteenth embodiment of the present 
invention; 

Fig. 103 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to a 
10 variation of this embodiment; 

Fig. 104 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect head according to 
another variation of this embodiment; 

Fig. 105 is a perspective view illustrating the structure 
15 of a magnetic read/write head according to a fourteenth 
embodiment of the present invention; 

Fig. 106 is a schematic view illustrating the structure of 
a magneto-resistance transducer system according to this 
embodiment; 

20 Fig. 107 is a block view illustrating the structure of a 

magnetic storage system according to this embodiment; and 

Fig. 108 is a perspective view illustrating the structure 
of a magnetic storage system according to this embodiment. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, the present invention will be explained below more 
specifically with reference to the accompanying drawings in 
accordance with the embodiments. Incidentally, all the 
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fragmentary sectional views employed in the embodiments of the 
present invention illustrate a magneto-resistance effect head cut 
in parallel to the surface of an air bearing. In addition, in 
the embodiments of the present invention, the expression of 
5 "patterning" of layers or the like denotes allowing part of the 
layers or the like to remain and part thereof to be removed by 
etching or like means in illustrated regions within illustrated 
sections. Thus, this expression will never mean allowing part of 
i«s the layers or the like to remain and part thereof to be removed 

jj§ 10 by etching or like means in non-illustrated sections or regions. 
If- In other words, in the embodiments of the present invention, the 

in 

layers or the like that are not denoted with the expression of 
T ~ "patterning" may also allow part thereof to remain and part 

^ thereof to be removed by etching or like means in non-illustrated 

jf* 15 sections or regions. 

s ' S 

: -3 Now, described below are a magneto-resistance effect head 

according to a first embodiment of the present invention and a 
method for fabricating the head. Figs. 4-10 are fragmentary 
sectional views illustrating the steps of the method for 
20 fabricating the magneto-resistance effect head according to this 
embodiment in the order in which they appear in the method. 

First, as shown in Fig. 4, a lower shield layer 16 and a 
lower conductive layer 1 are formed successively on a substrate 
( not shown ) . 

25 Then, as shown in Fig. 5, a photoresist 20 having an 

opening portion 20a is formed on the lower conductive layer 1, 
which is in turn etched by dry etching or like means to form a 
recessed portion la on the surface of lower conductive layer 1. 



Then, as shown in Fig. 6, on the recessed portion la of 
the lower conductive layer 1, deposited are an underlying layer 
for vertical bias layer 2a and a vertical bias layer 2b so as to 
be partially buried in the recessed portion of the lower 
conductive layer 1, and thereafter the photoresist 20 is removed. 

Then, as shown in Fig. 7, on the lower conductive layer 1 
and the vertical bias layer 2b, formed and stacked in the 
following order are an underlying layer for free layer 3a, a the 
free layer 3b, a non-magnetic layer 4, a fixed layer 5, a fixing 
layer 6b, and an upper layer 7. 

Then, as shown in Fig. 8, there is formed a photoresist 21 
immediately below the upper surface of the upper layer 7 so as to 
cover the central portion of the region where the vertical bias 
layer 2b is not formed. Then, with the photoresist 21 being 
employed as a mask, the non-magnetic layer 4, the fixed layer 5, 
the fixing layer 6b, and the upper layer 7 are etched by dry 
etching or the like to form an insulation layer 11 so as to be 
buried in the etched portion. At this time, the upper surface of 
the upper layer 7 is exposed on the upper surface of the 
insulation layer 11. 

Then, as shown in Fig. 9, the photoresist 21 is removed. 
Then, a magneto-resistance effect element 31a is formed which is 
made up of the lower conductive layer 1, the underlying layer for 
vertical bias layer 2a, the vertical bias layer 2b, the 
underlying layer for free layer 3a, the free layer 3b, the non- 
magnetic layer 4, the fixed layer 5, the fixing layer 6b, and the 
upper layer. 

Then, as shown in Fig. 10, there is deposited an upper 



conductive layer 15 on the upper layer 7 and the insulation layer 
11 , and a photoresist (not shown) is formed, which is in turn 
employed as a mask to pattern the upper conductive layer 15 by 
dry etching or the like. Thereafter, the photoresist is removed 
on which formed is an upper shield layer 17, thereby forming a 
magneto-resistance effect head 61a. 

Now, the structure of the magneto-resistance effect head 
61a according to this embodiment is described. As shown in Fig. 

10, provided are the lower shield layer 16 and the lower 
conductive layer 1. The lower conductive layer 1 has the 
recessed portion la, and the recessed portion la is provided with 
the underlying layer for vertical bias layer 2a and the vertical 
bias layer 2b. The underlying layer for free layer 3 a and the 
free layer 3b are provided in the portion of the lower conductive 
layer 1, where provided is neither the underlying layer for 
vertical bias layer 2a nor the vertical bias layer 2b, and on the 
vertical bias layer 2b. On top of the free layer 3b, formed in 
the following order are the non-magnetic layer 4 patterned so as 
not to be disposed immediately above the vertical bias layer 2b, 
the fixed layer 5, the fixing layer 6b, and the upper layer 7. 

In addition, the non-magnetic layer 4, the fixed layer 5, 
the fixing layer 6b, and the upper layer 7 are buried in the 
insulation layer 11, and the upper surface of the upper layer 7 
is exposed to the upper surface of the insulation layer 11. 
Furthermore, on top of the upper layer 7 and the insulation layer 

11, provided is the upper conductive layer 15, on top of which 
the upper shield layer 17 is formed. 

In the aforementioned structure, the lower conductive 
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layer 1 and the upper conductive layer 15 act as the upper and 
lower electrodes for conducting a sense current in the direction 
perpendicular to stacked layer planes. Here, the stacked layer 
planes are formed of the underlying layer for free layer 3a 
disposed between the lower conductive layer 1 and the upper 
conductive layer 15, the free layer 3b, the non-magnetic layer 4, 
the fixed layer 5, the fixing layer 6b, and the upper layer 7. 
Materials forming the lower conductive layer 1 and the upper 
conductive layer 15 include a single material of one type, a 
mixture of materials of two or more types, a compound of 
materials of two or more types, or a multi-layered film formed of 
materials of two or more types, which are selected from the group 
consisting of Au, Ag, Cu, Mo, W, Y, Ti, Zr, Hf , V, Nb, Pt, and Ta. 
In particular, Au, Ag, Cu, Pt, and Ta are more favorable. In 
addition, materials forming the substrate include an altic, SiC, 
and alumina. 

In addition, the vertical bias layer 2b is to apply a 
vertical bias magnetic field to the free layer 3b, while the 
underlying layer for vertical bias layer 2a is to improve the 
film quality such as the crystallization property of the vertical 
bias layer 2b and the magnetic properties of the vertical bias 
layer 2b. Materials forming the underlying layer for vertical 
bias layer 2a include a single material of one type, a mixture of 
materials of two or more types, or a multi-layered film formed of 
materials of two or more types, which are selected from the group 
consisting of Ta, Hf , Zr, W, Cr, Ti, Mo, Pt, Ni, Ir, Cu, Ag, Co, 
Zn, Ru, Rh, Re, Au, Os, Pd, Nb, V, Fe, FeCo, FeCoNi, and NiFe. 
In particular, Cr, Fe, and CoFe are more favorable. On the other 



■■ ■• . ■ • « 

- 30 - 

hand, materials forming the vertical bias layer 2b include a 
single material of one type f a mixture of materials of two or 
more types, or a multi-layered film formed of materials of two or 
more types, which are selected from the group consisting of 
5 CoCrPt, CoCr, CoPt, CoCrTa, FeMn, NiMn, Ni oxide, NiCo oxide, Fe 
oxide, NiFe oxide, IrMn, PtMn, PtPdMn, ReMn, Co ferrite, and Ba 
ferrite. In particular, CoCrPt, CoCrTa, CoPt, NiMn, and IrMn are 
more favorable. 

12 When an external magnetic field is applied to a magnetic 

is; 

:Q 10 sensor including the magneto-resistance effect head 61a, the free 
If! layer 3b acting as a magnetic layer changes the orientation of 

iff 

lii magnetization in accordance with the direction and the magnitude 

of the magnetic field. An external magnetic field is applied to 
:~ the free layer 3b via the vertical bias layer 2b. In addition, 

:if 15 the underlying layer for free layer 3a is to improve the film 
j**- quality such as the crystallization property of the free layer 3b 

and the magnetic properties of the free layer 3b. Materials 
forming the underlying layer for free layer 3a include a single 
material of one type, a mixture of materials of two or more types, 
20 a compound of materials of two or more types, or a multi-layered 
film formed of materials of two or more types, which are selected 
from the group consisting of Ta, Hf , Zr, W, Cr, Ti, Mo, Pt, Ni, 
Ir, Cu, Ag, Co, Zn, Ru, Rh, Re, Au, Os, Pd, Nb, and V. In 
particular, Ta, Zr, and Hf are more favorable. Materials forming 
25 the free layer 3b include alloys and amorphous magnetic materials 
such as NiFe, CoFe, NiFeCo, FeCo, CoFeB, CoZrMo, CoZrNb, CoZr, 
CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, CoHfPd, CoTaZrNb, and 
CoZrMoNi. As an additive element, one or more types of elements 



selected from the group consisting of Ta, Hf , Zr, W, Cr, Ti, Mo, 
Pt, Ni, Ir, Cu, Ag, Co, Zn, Ru, Rh, Re, Au, Os, Pd, Nb, and V can 
also be employed. More favorable are NiFe, a two-layer film of 
NiFe/CoFe, a two-layer film of NiFe/NiFeCo, and a two-layer film 
of NiFe/Co. 

The fixing layer 6b is to pin the orientation of 
magnetization of the fixed layer 5, while the underlying layer 
for fixing layer 6a is to improve the film quality such as the 
crystallization property of the fixing layer 6b and the magnetic 
properties of the fixing layer 6b. On the other hand, the fixed 
layer 5 has an orientation of magnetization that is pinned by the 
fixing layer 6b. 

Materials forming the underlying layer for fixing layer 6a 
include a single material of one type, a mixture of materials of 
two or more types, a compound of materials of two or more types, 
or a multi-layered film formed of materials of two or more types, 
which are selected from the group consisting of Ta, Hf , Zr, W, Cr, 
Ti, Mo, Pt, Ni, Ir, Cu, Ag, Co, Zn, Ru, Rh, Re, Au, Os, Pd, Nb, 
and V. In particular, Ta, Zr, and Hf are more favorable. On the 
other hand, as a material for the fixing layer 6b, it is possible 
to employ FeMn, NiMn, IrMn, RhMn, PtPdMn, ReMn, PtMn, PtCrMn, 
CrMn, CrAl, TbCo, CoCr, CoCrPt, CoCrTa, PtCo and the like. In 
particular, a favorable material is PtMn or PtMn to which doped 
is at least one type of element selected from the group 
consisting of Ti, V, Cr, Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, 
Pd, Ag, Hf , Ta, W, Re, Os, Ir, Pt, Au, Si, and Al. 

As materials forming the fixed layer 5, it is possible to 
use alloys and amorphous magnetic materials such as NiFe, Co, 
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CoFe f NiFeCo, FeCo, CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoTa, 

CoTaHf, CoNbHf , CoZrNb, CoHfPd, CoTaZrNb, and CoZrMoNi. 

In addition, it is also possible to use a layered film of those 

materials combined with at least one type of metal or an alloy of 

the metals selected from the group consisting of Ti, V, Cr f Cu, 

Zn, Y, Zr, Nb, Mo, Tc, Ra, Rh, Pd, Ag, Hf, Ta, W, Re, Os, Ir, Pt, 

Au, Si, Al, and Ni. In particular, three-layer films such as 

Co/Ru/Co, CoFe/Ru/CoFe, CoFeNi/Ru/ CoFeNi , Co/Cr/Co. CoFe/Cr/CoFe, 

and CoFeNi/Cr /CoFeNi are favorable. 
fOA- 

Then, ©^magnetic layer 4 is disposed between the free 
A 

layer 3b and the fixed layer 5, varying in electrical resistance 
in accordance with the angle between the orientation of 
magnetization of the free layer 3b and that of the fixed layer 5 . 
As materials forming the non-magnetic layer 4, used are metal, 
oxide, nitride, a mixture of oxide and nitride, a multi-layered 
film of metal and oxide, a multi-layered film of metal and 
nitride, or a multi-layered film a mixture of metal, oxide, and 
nitride. And, the metals include at least one type of metal 
selected from the group consisting of Ti, V, Cr, Co, Cu, Zn, Y, 
Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Hf, Ta, W, Re, Os, Ir, Pt, Au, Si, 
Al, Ti, Ta, Pt, Ni, Co, Re, and V. The oxides are formed of 
these metals and the nitrides are also formed of these metals. 
In particular, Al oxide and Cu are favorable. 

In addition, the upper layer 7 is to prevent the layer 
disposed thereunder from being corroded during the processes for 
fabricating the magneto-resistance effect head 61a and in the 
service environment. Materials forming the upper layer 7 include 
a single material of one type, a mixture of materials of two or 
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more types, a compound of materials of two or more types, or a 

multi-layered film formed of materials of two or more types, 

which are selected from the group consisting of Au, Ag, Cu, Mo, W, 

Y, Ti, Pt, Zr, Hf , V, Nb, Ta, and Ru. In particular, Ta, Zr, and 

5 Ti are favorable. 

Furthermore, the insulation layer 11 is to prevent the 

leakage of a sense current flowing through the non-magnetic layer 

4. Materials forming the insulation layer 11 include a single 

material, a mixture of materials, and a multi-layered film formed 

*0 10 of materials, which are selected from the group consisting of Al 

M oxide, Si oxide, aluminum nitride, silicon nitride, and diamond- 

IP- 

m like carbon. 

Still furthermore, materials forming the lower shield 
layer 16 and the upper shield layer 17 include a single material 
15 of one type, a mixture of materials of two or more types, or a 
multi-layered film formed of materials of two or more types, 
which are selected from the group consisting of NiFe, CoZr, CoFeB, 
CoZrMo, CoZrNb, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, 
CoHfPd, CoTaZrNb, CoZrMoNi, FeAlSi, a Fe nitride base material, 
20 MnZn ferrite, NiZn ferrite, and MgZn ferrite. 

Now, the operation of the magneto-resistance effect head 
61a is explained below. When an external magnetic field is 
applied to the magneto-resistance effect head 61a, a magnetic 
field is applied to the free layer 3b via the vertical bias layer 
25 2b, causing the orientation of magnetization of the free layer 3b 
to change in accordance with the direction and magnitude of the 
magnetic field applied thereto. And, since the orientation of 
magnetization of the fixed layer 5 is pinned by the fixing layer 
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6b , a change occurs in orientation of magnetization between the 
fixed layer 5 and the free layer 3b, causing a change in 
electrical resistance of the non-magnetic layer 4. In this state, 
the lower conductive layer 1 and the upper conductive layer 15 
5 allow a sense current to flow in the direction perpendicular to 
the non-magnetic layer 4 to measure the electrical resistance of 
the non-magnetic layer 4, thereby making it possible to detect 
the external magnetic field. 

Now, an effect of this embodiment is described. As shown 

10 in Fig. 10, the magneto-resistance effect head 61a according to 
this embodiment has the free layer 3b which is greater than the 
fixed layer 5 in length, and only the free layer 3b is disposed 
near the vertical bias layer 2b. This allows the vertical bias 
layer 2b to apply a magnetic field positively and effectively to 

15 the free layer 3b and makes it possible to prevent the leakage of 
a sense current from the fixed layer 5 to the vertical bias layer 
2b. This allows almost all the sense current applied to flow 
through the non-magnetic layer 4, thereby improving the 
performance of the magneto-resistance effect head 61a. 

20 Furthermore, part of the direction of thickness of the 

patterned under lying layer for vertical bias layer 2a and the 
vertical bias layer 2b is buried in the recessed portion la of 
the lower conductive layer 1. This provides a gradual slope to 
the end portion of the underlying layer for vertical bias layer 

25 2a and the vertical bias layer 2b, thereby allowing the vertical 
bias layer 2b to apply a vertical bias magnetic field to the free 
layer 3b more effectively. 

Figs. 11 and 12 are fragmentary sectional views 
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illustrating a variation of the magneto-resistance effect element 
according to this embodiment. Fig. 11 illustrates a magneto- 
resistance effect element 31b having the free layer 3b patterned 
to bring the end portion thereof into contact with that of the 
vertical bias layer 2b. 

On the other hand, Fig. 12 illustrates a magneto- 
resistance effect element 31c having the free layer 3b patterned 
to make the end portion thereof overlap that of the vertical bias 
layer 2b. Like the magneto-resistance effect element 31a, the 
magneto-resistance effect element 31c shown in Figs. 11, 12 can 
constitute the magneto-resistance effect head. 

Incidentally, this embodiment has shown that the non- 
magnetic layer 4 patterned in conjunction with the fixed layer 5, 
the fixing layer 6b, and the upper layer 7. However, the non- 
magnetic layer 4 can be extended like the free layer 3b. 
Alternatively, the non-magnetic layer 4 may be patterned to be 
larger than the fixing layer 6b and the fixing layer 6b and 
smaller than the free layer 3b. 

In addition, the underlying layer for vertical bias layer 
2a, the underlying layer for free layer 3a, and the upper layer 7 
may be omitted, and a protective layer for protecting the 
vertical bias layer may be provided on top of the vertical bias 
layer 2b. 

Furthermore, this embodiment has shown that the lower 
shield layer 16 and the lower conductive layer 1 provided 
separately. However, the lower shield layer 16 and lower 
conductive layer 1 may be a common layer. In this case, the 
lower conductive layer 1 is omitted. In addition, the upper 
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conductive layer 15 and the upper shield 17 may be a common layer. 
In this case, the upper conductive layer 15 is omitted. This 
allows the gap between the top and bottom shield layers to be 
made smaller. Furthermore , an upper gap layer may be provided 
between the upper conductive layer 15 and the shield layer 17 or 
a lower gap layer may be provided between the lower shield layer 
16 and the lower conductive layer 1. 

Now, a second embodiment of the present invention is 
described below. Figs. 13-21 are fragmentary sectional views 
illustrating the steps of a method for fabricating a magneto- 
resistance effect head according to this embodiment in the order 
in which they appear. 

First, as shown in Fig. 13, the lower shield layer 16 and 
the lower conductive layer 1 are successively formed on a 
substrate (not shown) . 

Then, as shown in Fig. 14, the photoresist 20 having the 
opening portion 20a is formed on top of the lower conductive 
layer 1 which is etched by dry etching or like means to form the 
recessed portion la on the surface of the lower conductive layer 
1. 

Then, as shown in Fig. 15, the underlying layer for 
vertical bias layer 2a and the vertical bias layer 2b are 
deposited on top of the lower conductive layer 1 after the 
photoresist 20 has been removed. 

Then, as shown in Fig. 16, the photoresist 21 is formed to 
cover the region having the recessed portion la arranged 
immediately below the vertical bias layer 2b and provide an 
opening portion 21a for the region having no recessed portion la 



arranged immediately below the vertical bias layer 2b. 
Subsequently, with the photoresist 21 being employed as a mask, 
the underlying layer for vertical bias layer 2a and the vertical 
bias layer 2b are etched and thereby patterned by dry etching or 
like means. 

Then, as shown in Fig. 17, on top of the lower conductive 
layer 1 and vertical bias layer 2b, formed and layered in the 
following order are the underlying layer for free layer 3a, the 
free layer 3b, the non-magnetic layer 4, the fixed layer 5, the 
fixing layer 6b, and the upper layer 7. 

Then, as shown in Fig. 18, a photoresist 22 is provided to 
cover the region having no vertical bias layer 2b arranged 
immediately below the upper layer 7. With the photoresist 22 
being employed as a mask, the underlying layer for free layer 3a, 
the free layer 3b, the non-magnetic layer 4, the fixed layer 5, 
the fixing layer 6b, and the upper layer 7 are patterned by dry 
etching or like means. 

Then, as shown in Fig. 19, the photoresist 22 is removed 
to form a photoresist 23 on top of the upper layer 7 to cover the 
central portion of the upper layer 7. With the photoresist 23 
being employed as a mask, the non-magnetic layer 4, the fixed 
layer 5, the fixing layer 6b, and the upper layer 7 are patterned 
by dry etching or like means. 

Then, as shown in Fig. 20, the periphery of the pattern of 
the non-magnetic layer 4, the fixed layer 5, the fixing layer 6b, 
and the upper layer 7 is buried in the insulation layer 11, 
thereby forming a magneto-resistance effect element 32a. Then, 
as shown in Fig. 21, after the photoresist 23 has been removed, 
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the upper conductive layer 15 is deposited on top of the upper 
layer 7 and the insulation layer 11 and then a photoresist (not 
shown) is formed. With this photoresist being employed as a mask, 
the upper conductive layer 15 is patterned by dry etching or like 
means. Then, this photoresist is removed to form the upper 
shield layer 17 thereon and thus a magneto-resistance effect head 
62a is formed. 

Now, the structure of the magneto-resistance effect head 
62a according to this embodiment is described below. As shown in 
Fig. 21, the magneto-resistance effect head 62a according to this 
embodiment has a different shape of the underlying layer for free 
layer 3a and the free layer 3b in comparison with the magneto- 
resistance effect head 61a according to the first embodiment 
shown in Fig. 10. In this embodiment, the end portion of the 
underlying layer for free layer 3a and the free layer 3b is flush 
and in contact with that of the underlying layer for vertical 
bias layer 2a and the vertical bias layer 2b. In the magneto- 
resistance effect head 62a according to this embodiment, the 
structure and operation thereof is the same as those of the 
magneto-resistance effect head 61a according to the 
aforementioned first embodiment except for the shape of the 
underlying layer for free layer 3a and the free layer 3b. 

Incidentally, in this embodiment, it has been explained in 
which the non-magnetic layer 4 is patterned in conjunction with 
the fixed layer 5, the fixing layer 6b, and the upper layer 7. 
However, like the first embodiment, the non-magnetic layer 4 may 
be extended as the free layer 3b. Alternatively, the non- 
magnetic layer 4 may be patterned to be larger than the pattern 



of the fixed layer 5, the fixing layer 6b, and the upper layer 7, 
and smaller than the pattern of the free layer 3b. 

Furthermore, in this embodiment, it has been explained in 
which the upper conductive layer 15 is patterned, however, the 
upper conductive layer 15 may be extended without being patterned. 

Now, described below is a third embodiment according to 
the present invention. Figs. 22 - 28 are fragmentary sectional 
views illustrating the steps of a method for fabricating a 
magneto-resistance effect head according to this embodiment in 
the order in which they appear. 

First, as shown in Fig. 22, the lower shield layer 16 and 
the lower conductive layer 1 are successively formed on a 
substrate (not shown). 

Then, as shown in Fig. 23, the photoresist 20 having the 
opening portion 20a is formed on top of the lower conductive 
layer 1, which is then etched by dry etching or like means to 
form the recessed portion la on the surface of the lower 
conductive layer 1. 

Then, as shown in Fig. 24, with the photoresist 20 being 
employed as a mask, the underlying layer for vertical bias layer 
2a and the vertical bias layer 2b are deposited so as to 
partially fill in the recessed portion la of the lower conductive 
layer 1, and then the photoresist 20 is removed. 

Then, as shown in Fig. 25, on top of the lower conductive 
layer 1 and the vertical bias layer 2b, formed and layered in the 
following order are the underlying layer for free layer 3a, the 
free layer 3b, the non-magnetic layer 4, the fixed layer 5, the 
fixing layer 6b, and the upper layer 7. 
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Then, as shown in Fig. 26 , the photoresist 21 is provided 
to cover the central portion of the region having no vertical 
bias layer 2b arranged immediately below the upper surface of the 
upper layer 7. With the photoresist 21 being employed as a mask, 
5 the non-magnetic layer 4, the fixed layer 5, the fixing layer 6b , 
and the upper layer 7 are patterned by dry etching or like means. 
Then, the periphery of the non-magnetic layer 4, the fixed layer 
5, the fixing layer 6b, and the upper layer 7 is buried in the 
insulation layer 11. 

10 Then, as shown in Fig. 27, the photoresist 21 is removed 

to form the photoresist 22, patterned to cover a region broader 
than that covered by the photoresist 21, at a position on the 
upper layer 7 and the insulation layer 11 where the photoresist 
21 has once been formed. With the photoresist 22 being employed 

15 as a mask, the underlying layer for free layer 3a, the free layer 
3b, and the insulation layer 11 are etched by dry etching or like 
means and thereby patterned. Subsequently, this etched region is 
buried in the insulation layer lib to thereby form a magneto- 
resistance effect element 32b. 

20 Then, as shown in Fig. 28, the photoresist 22 is removed. 

Thereafter, the upper conductive layer 15 is deposited on top of 
the upper layer 7, the insulation layer 11, and the insulation 
layer lib to form a photoresist (not shown), which is in turn 
employed to pattern the upper conductive layer 15 by dry etching 

25 or like means. Then, this photoresist is removed and the upper 
shield layer 17 is formed thereupon to form a magneto-resistance 
effect head 62b. 

The magneto-resistance effect head 62b formed according to 
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this embodiment has the same structure and operation as those of 
the magneto-resistance effect head 62a according to the second 
embodiment except that the insulation layers 11 and lib are 
formed through two steps. 
5 Now, a magneto-resistance effect head according to a 

fourth embodiment of the present invention and the method for 
fabricating the head are described below. Figs. 29-34 are 
fragmentary sectional views illustrating the steps of the method 
for fabricating the magneto-resistance effect head according to 
10 this embodiment in the order in which they appear. 

First, by the steps shown in Figs. 4 - 6 in the first 
embodiment, a layered body as shown in Fig. 6 is formed. 

Then, as shown in Fig. 29, on top of the lower conductive 
layer 1 and the vertical bias layer 2b, the following layers are 
fs] 15 formed and layered. That is, an underlying layer for magnetic 

layer 8a, a magnetic layer 8b, a second non-magnetic layer 9, the 
free layer 3b, the first non-magnetic layer 4, the fixed layer 5, 
the fixing layer 6b, and the upper layer 7 are formed and layered 
in that order. 

20 Then, as shown in Fig. 30, the photoresist 21 is formed so 

as to partially cover the region having no vertical bias layer 2b 
arranged immediately below the upper surface of the upper layer 7. 
Then, the second non-magnetic layer 9, the free layer 3b, the 
first non-magnetic layer 4, the fixed layer 5, the fixing layer 
25 6b, and the upper layer 7 are etched by dry etching or the like. 
Then, the insulation layer 11 is formed to bury the etched 
portion therein , thus forming a magneto-resistance effect element 
33a on top of the lower shield layer 16. 
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Then, as shown in Fig. 31, the photoresist 21 is removed 
and the upper conductive layer 15 is deposited on the upper layer 
7 and the insulation layer 11. Then, a photoresist (not shown) 
is formed to pattern the upper conductive layer 15 by dry etching 
or the like and thereafter the photoresist is removed, on which 
the upper shield layer 17 is formed, thereby forming a magneto- 
resistance effect head 63a. 

Now, the structure of the magneto-resistance effect head 
63a according to this embodiment is described below. As shown in 
Fig. 31, the magneto-resistance effect head 63a is characterized 
in that the magnetic layer 8b is provided below the free layer 3b 
via the non-magnetic layer 9. 

As shown in Fig. 31, the lower shield layer 16 and the 
lower conductive layer 1 are provided on the substrate (not 
shown) , the lower conductive layer 1 has the recessed portion la, 
and the underlying layer for vertical bias layer 2a and the 
vertical bias layer 2b are provided on the recessed portion la. 
On top of the portion having no underlying layer for vertical 
bias layer 2a and no vertical bias layer 2b on the lower 
conductive layer 1 and on top of the vertical bias layer 2b, 
provided are the underlying layer for magnetic layer 8a and the 
magnetic layer 8b. On top of the magnetic layer 8b, layered in 
the following order are the second non-magnetic layer 9 that is 
not patterned immediately above the vertical bias layer 2b, the 
free layer 3b, the first non-magnetic layer 4, the fixed layer 5, 
the fixing layer 6b, and the upper layer 7. 

In addition, the second non-magnetic layer 9, the free 
layer 3b, the first non-magnetic layer 4, the fixed layer 5, the 
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fixing layer 6b , and the upper layer 7 are buried in the 
insulation layer 11, the upper surface of upper layer 7 is 
exposed to the upper surface of the insulation layer 11. 
Furthermore, the upper conductive layer 15 is patterned on the 
5 upper layer 7 and the insulation layer 11, and the upper shield 
layer 17 is provided on the upper conductive layer 15. 

In the aforementioned structure, the magnetic layer 8b is 
to transmit a vertical bias magnetic field applied by the 
vertical bias layer 2b to the free layer 3b by means of magnetic 
*0 10 coupling such as ferromagnetic coupling, ant i ferromagnetic 
!^ coupling, or magneto-static coupling. In addition, the second 

i ess. 

iff non-magnetic layer 9 allows the component material and the film 

fy 

iO thickness thereof to control the magnetic coupling between the 

p magnetic layer 8b and the free layer 3b. The underlying layer 

i s T 15 for magnetic layer 8a is to improve film quality such as the 

Iris 

^ crystallization properties of the magnetic layer 8b and provide 

l ^ good magnetic properties for the magnetic layer 8b. Incidentally, 

the non-magnetic layer 4 is an insulation layer for conducting a 

tunneling current therethrough, whereas the second non-magnetic 
20 layer 9 is an electrically conductive layer for controlling the 

magnetic coupling between the magnetic layer 8b and the free 

layer 3b. 

As materials forming the magnetic layer 8b, employed are 
alloys such as NiFe, Co, CoFe, NiFeCo, FeCo, CoFeB, CoZrMo, 
25 CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, CoHfPd, 
CoTaZrNb, and CoZrMoNi, a single-layer film of an amorphous 
magnetic material, a mixture film, or a multi-layered film. In 
particular, NiFe, Co, CoFe, NiFeCo, or FeCo is favorable. On the 
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other hand, as an additive element, it is possible to use one or 
more types of elements selected from the group consisting of Ta, 
Hf, Zr, W, Cr, Ti, Mo, Pt, Ni, Ir, Cu, Ag, Co, Zn, Ru, Rh, Re, Au, 
Os, Pd, Nb, and V. 
5 Materials forming the second non-magnetic layer 9 include 

a single material of one type, a mixture of materials of two or 
more types, a compound of two or more types, or a multi-layered 
film formed of materials of two or more types, which are selected 
from the group consisting of Ti, V, Cr, Co, Cu, Zn, Y, Zr, Nb, Mo, 
^0 10 Tc, Ru, Rh, Pd, Ag, Hf, Ta, W, Re, Os, Ir, Pt, Au, Si, Al, Ti, Ta, 
!>* Pt, Ni, Co, Re, and V. In particular, Ru and Cr are favorable. 

IH Materials forming the underlying layer for magnetic layer 8a 

iQ include a single material of one type, a mixture of materials of 

□ two or more types, a compound of two or more types, or a multi- 

|jj 15 layered film formed of materials of two or more types, which are 
selected from the group consisting of Ta, Hf , Zr, W, Cr, Ti, Mo, 
Pt, Ni, Ir, Cu, Ag, Co, Zn, Ru, Rh, Re, Au, Os, Pd, Nb, and V, 
In particular, Ta and Zr are more favorable. 

The component material and the function of other layers of 
20 the magneto-resistance effect head 63a according to this 

embodiment are the same as those of each of the layers of the 
magneto-resistance effect head 61a according to the 
aforementioned first embodiment. 

Now, described below is the operation of the magneto- 
25 resistance effect head 63a. Application of an external magnetic 
field to the magneto-resistance effect head 63a will cause a 
magnetic field to be applied to the magnetic layer 8b via the 
vertical bias layer 2b. Then, a vertical bias magnetic field is 
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applied by the magnetic layer 8b via the second non-magnetic 
layer 9 to the free layer 3b by means of magnetic coupling such 
as ferromagnetic coupling, antiferromagnetic coupling, or 
magneto-static coupling. And, the orientation of magnetization 
5 of the free layer 3b changes in accordance with the direction and 
the magnitude of this magnetic field. Since the orientation of 
magnetization of the fixed layer 5 is pinned by the fixing layer 
6b, a change occurs in orientation of magnetization between the 
fixed layer 5 and the free layer 3b, causing a change in 

10 electrical resistance of the non-magnetic layer 4. In this state, 
the lower conductive layer 1 and the upper conductive layer 15 
allow a sense current to flow in the direction perpendicular to 
the non-magnetic layer 4 to measure the electrical resistance of 
the non-magnetic layer 4, thereby making it possible to detect 

15 the external magnetic field. 

Now, an effect of this embodiment is described below. In 
the magneto-resistance effect head 63a according to this 
embodiment, a vertical bias magnetic field is applied to the free 
layer 3b from the vertical bias layer 2b through two steps of 

20 process, thereby assuring the application of the vertical bias 
magnetic field and facilitating the control of the amount of 
application of the magnetic field. In addition, as shown in Fig. 
31, the free layer 3b and the fixed layer 5 are not arranged near 
the vertical bias layer 2b but only the magnetic layer 8b is 

25 disposed near the vertical bias layer 2b. This allows the 

vertical bias layer 2b to apply a magnetic field to the magnetic 
layer 8b positively and effectively, also making it possible to 
prevent the leakage of sense current from the free layer 3b or 
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the fixed layer 5 to the vertical bias layer 2b. 

Figs. 32 and Fig. 33 are fragmentary sectional views 
illustrating a variation of the magneto-resistance effect element 
according to this embodiment. Fig. 32 illustrates a magneto- 
5 resistance effect element 33b in which the magnetic layer 8b is 
patterned so that the end portion of the magnetic layer 8b is in 
contact with that of the vertical bias layer 2b. 

In addition, Fig. 33 illustrates a magneto-resistance 
_ effect element 33b in which the magnetic layer 8b is patterned so 

*fl 10 that the end portion of the magnetic layer 8b overlaps the 

IS : 

1^ vertical bias layer 2b. The magneto-resistance effect elements 

\J\ 

Iff 33b, 33c , shown in Figs. 32 and 33, can constitute the magneto- 

11 

=D resistance effect head. 

i2 Incidentally, in this embodiment, it has been explained in 

is] 15 which the second non-magnetic layer 9, the free layer 3b, and the 
i«j non-magnetic layer 4 are patterned in conjunction with the fixed 

layer 5, the fixing layer 6b, and the upper layer 7. However, 
the second non-magnetic layer 9, the free layer 3b, and the non- 
magnetic layer 4 may be extended as the magnetic layer 8b or may 
20 be patterned to be larger than the pattern of the fixed layer 5, 
the fixing layer 6b, and the upper layer 7 and smaller than the 
pattern of the magnetic layer 8b. Furthermore, the pattern of 
the second non-magnetic layer 9 may be extended further than that 
of the free layer 3b or the pattern of the free layer 3b may be 
25 extended further than that of the non-magnetic layer 4. 

In addition, the underlying layer for vertical bias layer 
2a, the underlying layer for magnetic layer 8a, the second non- 
magnetic layer 9, and the upper layer 7 may be omitted, and a 
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protective layer for protecting the vertical bias layer may be 
provided on top of the vertical bias layer 2b. 

Furthermore, this embodiment has shown that the lower 
shield layer 16 and the lower conductive layer 1 provided 
separately. However, like the aforementioned embodiments 1 to 3, 
the lower shield layer 16 and lower conductive layer 1 may be a 
common layer. In this case, the lower conductive layer 1 is 
omitted. In addition, the upper shield 17 and the upper 
conductive layer 15 may be a common layer. In this case, the 
upper conductive layer 15 is omitted. This allows the gap 
between the top and bottom shield layers to be made smaller. 
Furthermore, an upper gap insulation layer may be provided 
between the upper conductive layer 15 and the shield layer 17 or 
a lower gap insulation layer may be provided between the lower 
shield layer 16 and the lower conductive layer 1. 

Now, a fifth embodiment according to the present invention 
is described below. Figs. 34 - 37 are fragmentary sectional 
views illustrating the steps of a method for fabricating a 
magneto-resistance effect head according to this embodiment in 
the order in which they appear. 

First, a layered body as shown in Fig. 16 is formed 
through the steps according to the aforementioned second 
embodiment shown in Figs. 13—19. 

Then, as shown in Fig. 34, the photoresist 21 is removed. 
Then, on top of the exposed portion of the lower conductive layer 
1 and the vertical bias layer 2b, formed and layered are the 
following layers. That is, the underlying layer for magnetic 
layer 8a, the magnetic layer 8b, the second non-magnetic layer 9, 
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the free layer 3b , the non-magnetic layer 4, the fixed layer 5, 
the fixing layer 6b , and the upper layer 7 are formed and layered 
in that order. 

Then, as shown in Fig. 35, the photoresist 22 is provided 
to cover the region having no vertical bias layer 2b arranged 
immediately below the upper surface of the upper layer 7. With 
the photoresist 22 being employed as a mask, patterned by dry 
etching or like means are the underlying layer for magnetic layer 
8a, the magnetic layer 8b, the second non-magnetic layer 9, the 
free layer 3b, the non-magnetic layer 4, the fixed layer 5, the 
fixing layer 6b, and the upper layer 7. 

Then, as shown in Fig. 36, the photoresist 22 is removed 
to form the photoresist 23 on the upper layer 7 to cover the 
central portion of the upper layer 7. With the photoresist 23 
being employed as a mask, patterned by dry etching or like means 
are the second non-magnetic layer 9, the free layer 3b, the non- 
magnetic layer 4, the fixed layer 5, the fixing layer 6b, and the 
upper layer 7. Then, the periphery of the pattern of the second 
non-magnetic layer 9, the free layer 3b, the non-magnetic layer 4 
the fixed layer 5, the fixing layer 6b, and the upper layer 7 is 
buried in the insulation layer 11, thereby forming a magneto- 
resistance effect element 34a on top of the lower shield layer 16 

Then, as shown in Fig. 37, after the photoresist 23 has 
been removed, the upper conductive layer 15 is deposited on the 
upper layer 7 and the insulation layer 11 to form a photoresist 
(not shown). Then, the upper conductive layer 15 is patterned by 
dry etching or like means and thereafter this photoresist is 
removed, on which the upper shield layer 17 is formed, thereby 
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forming a magneto-resistance effect head 64a. 

Now, the structure of the magneto-resistance effect head 
64a according to this embodiment is described below. As shown in 
Fig. 37, the magneto-resistance effect head 64a according to this 
embodiment has a different shape of the underlying layer for 
magnetic layer 8a and the magnetic layer 8b in comparison with 
the magneto-resistance effect head 63a according to the fourth 
embodiment shown in Fig. 31. In this embodiment, the underlying 
layer for magnetic layer 8a and the magnetic layer 8b are 
patterned to allow their end portion to be flush with the end 
portion of the underlying layer for vertical bias layer 2a and 
the vertical bias layer 2b and in contact with each other. In 
the magneto-resistance effect head 64a according to this 
embodiment, the structural operation and effect thereof are the 
same as those of the magneto-resistance effect head 63a according 
to the aforementioned fourth embodiment except the shape of the 
underlying layer for magnetic layer 8a and the magnetic layer 8b. 

Incidentally, in this embodiment, it has been explained in 
which the non-magnetic layer 4 is patterned in conjunction with 
the fixed layer 5, the fixing layer 6b, and the upper layer 7. 
However, like the aforementioned fourth embodiment, the non- 
magnetic layer 4 may be extended as the magnetic layer 8b or may 
be patterned to be larger than the pattern of the fixed layer 5, 
the fixing layer 6b, and the upper layer 7 and smaller than the 
pattern of the free layer 3b. 

Furthermore, the pattern of the second non-magnetic layer 
9 may be extended further than that of the magnetic layer 8b or 
the pattern of the magnetic layer 8b may be extended further than 



that of the non-magnetic layer 4. 

In addition, in this embodiment, it has been explained in 
which the upper conductive layer 15 is patterned, however, the 
upper conductive layer 15 may not be patterned but extended. 

Now, a sixth embodiment according to the present invention 
is described below. Figs. 38 - 42 are fragmentary sectional 
views illustrating the steps of a method for fabricating a 
magneto-resistance effect head according to this embodiment in 
the order in which they appear. 

First, a layered body as shown in Fig. 5 is formed through 
the steps according to the aforementioned first embodiment shown 
in Figs. 4 and 5. 

Then, as shown in Fig. 38, the photoresist 20 is removed. 
Then, on the lower conductive layer 1, formed and layered in the 
following order are the underlying layer for magnetic layer 8a, 
the magnetic layer 8b, the second non-magnetic layer 9, the free 
layer 3b, the non-magnetic layer 4, the fixed layer 5, the fixing 
layer 6b, and the upper layer 7. 

Then, as shown in Fig. 39, the photoresist 21 is provided 
to cover the region having no recessed portion la of the lower 
conductive layer 1 arranged immediately below the upper surface 
of the upper layer 7. With the photoresist 21 being employed as 
a mask, the second non-magnetic layer 9, the free layer 3b, the 
non- magnetic layer 4, the fixed layer 5, the fixing layer 6b, 
and the upper layer 7 are patterned. This allows the insulation 
layer 11 to bury therein the periphery of the second non-magnetic 
layer 9, the free layer 3b, the non-magnetic layer 4, the fixed 
layer 5, the fixing layer 6b, and the upper layer. 
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Then, as shown in Fig. 40, the photoresist 21 is removed 
to form the photoresist 22 to cover the region having no recessed 
portion la immediately below the upper surface of the upper layer 
7 and the insulation layer. And, the region covered with the 
5 photoresist 21 is included in the region to be covered by the 
photoresist 22. 

Then, as shown in Fig. 41, with the photoresist 22 being 
employed as a mask, the insulation layer 11, the underlying layer 
for magnetic layer 8a, and the magnetic layer 8b are patterned by 
10 etching. Subsequently, the Underlying layer vertical bias 2a and 
the vertical bias layer 2b are formed successively, a second 
insulation layer lib is formed on the vertical bias layer 2b, and 
a magneto-resistance effect element 34b is formed on the lower 
conductive layer 16. 
15 , Then, as shown in Fig. 41, the photoresist 22 is removed, 

jg Thereafter, on the upper layer 7, the insulation layer 11, and 

the second insulation layer lib, the upper conductive layer 15 is 
deposited to form a photoresist (not shown). After the upper 
conductive layer 15 has been patterned by dry etching or like 
20 means, the photoresist is removed and the upper shield layer 17 
is formed thereupon to form the magneto-resistance effect head 
64b. 

The magneto-resistance effect head 64b formed according to 
this embodiment has the same structure and operation as those of 
25 the magneto-resistance effect head 64a according to the fifth 
embodiment except that the insulation layers 11 and lib are 
formed through two steps. 

Now, described below is a seventh embodiment according to 
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the present invention. Figs. 43 - 49 are fragmentary sectional 
views illustrating the steps of a method for fabricating a 
magneto-resistance effect head according to this embodiment in 
the order in which they appear. 

First, as shown in Fig. 43 , the lower shield layer 16 and 
the lower conductive layer 1 are successively formed on top of a 
substrate ( not shown ) . 

Then, as shown in Fig. 44, formed and layered in the 
following order are the underlying layer for fixing layer 6a, the 
fixing layer 6b, the fixed layer 5, the first non-magnetic layer 
4, the free layer 3b, and the second non-magnetic layer 9. 

Then, as shown in Fig. 45, the photoresist 20 is patterned 
on the second non-magnetic layer 9. Then, the underlying layer 
for fixing layer 6a, the fixing layer 6b, the fixed layer 5, the 
first non-magnetic layer 4, the free layer 3b, and the second 
non-magnetic layer 9 are patterned by dry etching or like means. 
A pattern 29a is thereby formed which comprises the underlying 
layer for fixing layer 6a, the fixing layer 6b, the fixed layer 5, 
the first non-magnetic layer 4, the free layer 3b, and the second 
non-magnetic layer 9, which have been patterned. 

Then, as shown in Fig. 46, the insulation layer 11 is 
formed to bury the pattern 29a therein. The insulation layer 11 
is made equal in height to the pattern 29a near the pattern 29a 
but is slightly lower than the pattern 29a at a given distance 
from the pat t era 29a, between which a smooth slope connects. 

Then, as shown in Fig. 47, on the insulation layer 11, 
formed are the underlying layer for vertical bias layer 2a and 
the vertical bias layer 2b. And, the vertical bias layer 2b is 
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varied in thickness along the slope of the insulation layer 11 , 
allowing the vertical bias layer 2b to be thick in thickness at a 
given distance from the pattern 29a and reduced in thickness with 
increasing proximity to the pattern 29a. 
5 Then, as shown in Fig. 48 , the photoresist 20 is removed 

to form the magnetic layer 8b and the upper layer 7 on the 
vertical bias layer 2b , thereby forming a magneto-resistance 
effect element 35a. 

Then, as shown in Fig. 49, the upper conductive layer 15 

10 is deposited on the upper layer 7 and the photoresist (not shown) 
is formed. After the upper conductive layer 15 has been 
patterned by dry etching or like means, the photoresist is 
removed to form the upper shield layer 17 thereupon, thus forming 
a magneto-resistance effect head 65a. 

15 Now, the structure of the magneto-resistance effect head 

65a according to this embodiment is described below. As shown in 
Fig. 49, the lower shield layer 16 is provided and the lower 
conductive layer 1 is provided on the lower shield layer 16. On 
top of the lower conductive layer 1, formed is the pattern 29a 

20 made up of the underlying layer for fixing layer 6a, the fixing 
layer 6b, the fixed layer 5, the first non-magnetic layer 4, the 
free layer 3b, and the second non-magnetic layer 9, which have 
been patterned. The insulation layer 11 is arranged on the 
periphery of the pattern 29a, and the pattern 29a is buried in 

25 the insulation layer 11. 

The upper surface of the insulation layer 11 is flush with 
that of the pattern 29a near the pattern 29a but is slightly 
lower than the upper surface of the pattern 29a at a given 



distance from the pattern 29a, between which a smooth slope 
connects. The vertical bias layer 2b is provided on the 
insulation layer 11 along the topography of the upper surface of 
the insulation layer 11 in a manner such that at least part of 
the vertical bias layer 2b in the direction of its thickness is 
buried in the insulation layer 11. And, the vertical bias layer 
2b is thick in thickness at a given distance from the pattern 29a 
and reduced in thickness with increasing proximity to the pattern 
29a. On the vertical bias layer 2b and the pattern 29a, provided 
are the magnetic layer 8 and the upper layer 7. 

On the upper layer 7, provided is the upper conductive 
layer 15, on top of which provided is the upper shield layer 17. 

Now, the operation of the magneto-resistance effect head 
65a according to this embodiment is described below. Application 
of an external magnetic field to the magneto-resistance effect 
head 65a will cause the magnetic field to be applied to the 
magnetic layer 8b via the vertical bias layer 2b. Subsequently, 
a vertical bias magnetic field is applied from the magnetic layer 
8b to the free layer 3b via the second non-magnetic layer 9 by 
means of a magnetic coupling such as ferromagnetic coupling, 
anti-ferromagnetic coupling, or magneto- static coupling. And, 
the orientation of magnetization of the free layer 3b changes in 
accordance with the direction and magnitude of this magnetic 
field. Since the orientation of magnetization of the fixed layer 
5 is pinned by the fixing layer 6b, a change occurs in 
orientation of magnetization between the fixed layer 5 and the 
free layer 3b, causing a change in electrical resistance of the 
non-magnetic layer 4. In this state, the lower conductive layer 



# • 

- 55 - 

1 and the upper conductive layer 15 allow a sense current to flow 
in the direction perpendicular to the non-magnetic layer 4 to 
measure the electrical resistance of the non-magnetic layer 4, 
thereby making it possible to detect the external magnetic field. 

Now, an effect of this embodiment is described below. In 
the magneto-resistance effect head 65a according to this 
embodiment, a vertical bias magnetic field is applied to the free 
layer 3b from the vertical bias layer 2b through two steps of 
process, thereby assuring the application of the vertical bias 
magnetic field and facilitating the control of the amount of 
application of the magnetic field. 

Incidentally, in this embodiment, it has been explained in 
which the underlying layer for fixing layer 6a, the fixing layer 
6b, the fixed layer 5, the first non-magnetic layer 4, the free 
layer 3b, and the second non-magnetic layer 9 are patterned in 
the same way. However, it is necessary to pattern at least the 
free layer 3b but not necessary to pattern the underlying layer 
for fixing layer 6a, the fixing layer 6b, the fixed layer 5, and 
the first non-magnetic layer 4. In addition, the pattern of the 
underlying layer for fixing layer 6a may be extended further than 
that of the fixing layer 6b. The pattern of the fixing layer 6b 
may be extended further than that of the fixed layer 5. The 
pattern of the fixed layer 5 may be extended further than that of 
the non-magnetic layer 4. The pattern of the non-magnetic layer 
4 may be extended further than that of the free layer 3b. 
Furtheratore , this embodiment has shown that the upper surface of 
the insulation layer 11 is lower than that of the pattern of the 
free layer 3b. However, the upper surface of the insulation 
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layer 11 may be equal in height to the upper surface of the 
pattern of the free layer 3b and higher than the upper surface of 
the pattern of the free layer 3b. 

Figs. 50 - 54 are fragmentary sectional views illustrating 
the structure of a magneto-resistance effect element according to 
a variation of this embodiment. A magneto-resistance effect 
element 35b shown in Fig. 50 is different from the magneto- 
resistance effect element 35a shown in Fig. 49 in that the 
underlying layer for fixing layer 6a, the fixing layer 6b, the 
fixed layer 5, and the first non-magnetic layer 4 are not 
patterned. On the first non-magnetic layer 4, provided are the 
free layer 3b and the second non-magnetic layer 9, and these 
patterns are buried in the insulation layer 11. The magneto- 
resistance effect element 35b has the same structure as that of 
the magneto-resistance effect element 35a except the topography 
of the underlying layer for fixing layer 6a, the fixing layer 6b, 
the fixed layer 5, and the first non-magnetic layer 4. The 
operation of the magneto-resistance effect element 35b is also 
the same as that of the magneto-resistance effect element 35a. 

In comparison with the magneto-resistance effect element 
35a, the magneto-resistance effect element 35b is advantageous in 
that the etching process for the underlying layer for fixing 
layer 6a, the fixing layer 6b, the fixed layer 5, and the first 
non-magnetic layer 4 can be omitted upon fabrication. 

This variation has shown that the free layer 3b and the 
second non-magnetic layer 9 are patterned by etching of the first 
non-magnetic layer 4 using the photoresist as a mask. However, 
it is necessary to pattern at least the free layer 3b, and it can 
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be selected as appropriate which layers to pattern in the layered 
body made up of the underlying layer for fixing layer 6a , the 
fixing layer 6b, the fixed layer 5, and the first non-magnetic 
layer . 

On the other hand, in a magneto-resistance effect element 
35c shown in Fig. 51 , the first non-magnetic layer 4, the free 
layer 3b, and the second non-magnetic layer 9 are patterned. 

Furthermore, in a magneto-resistance effect element 35d 
shown in Fig. 52, the fixed layer 5, the first non-magnetic layer 
4, the free layer 3b, and the second non-magnetic layer 9 are 
patterned. 

Still furthermore, in a magneto-resistance effect element 
35e shewn in Fig. 53, the pattern of the vertical bias layer 2b 
is provided apart from a pattern 29b made up of the first non- 
magnetic layer 4, the free layer 3b, and the second non-magnetic 
layer 9. This makes it possible to prevent more positively the 
leakage of sense current to the vertical bias layer 2b. The 
structure and operation of the magneto-resistance effect element 
35e is the same as those of the magneto-resistance effect element 
35c shown in Fig. 51 except those mentioned in the foregoing. 

This variation has shown that the free layer 3b and the 
second non-magnetic layer 9 are patterned. However, it is 
necessary to pattern at least the free layer 3b, but it can be 
selected as appropriate which layers to pattern in the layered 
body made up of the underlying layer for fixing layer 6a, the 
fixing layer 6b, the fixed layer 5, and the first non-magnetic 
layer . 



In addition, this variation has shown that the upper 



surface of the insulation layer 11 is higher than that of the 
pattern of the free layer 3b. However, the upper surface of the 
insulation layer 11 may be generally equal in height to the upper 
surface of the pattern of the free layer 3b or lower than the 
upper surface of the pattern of the free layer 3b. 

Furthermore , this variation has shown that the magnetic 
layer 8b is not patterned. However, at least part of the 
magnetic layer 8b is located near the vertical bias layer 2b just 
to allow a vertical bias magnetic field to be applied to the 
vertical bias layer 2b from the vertical bias layer 2b. 

In a magneto-resistance effect element 35f shown in Fig. 

54, the end portion of the pattern of the magnetic layer 8b sits 
on part of the vertical bias layer 2b. 

In a magneto-resistance effect element 35g shown in Fig. 

55 , the end portion of the pattern of the magnetic layer 8b is in 
contact with that of the vertical bias layer 2b. 

This variation has shown that the free layer 3b and the 
second non-magnetic layer 9 are patterned in the same way. 
However, like a magneto-resistance effect element 35h shown in 
Fig. 56, the second non-magnetic layer 9 may be extended over the 
vertical bias layer 2b. 

In addition, like a magneto-resistance effect element 35i 
shown in Fig. 57, the second non-magnetic layer 9 may be extended 
over the insulation layer 11. 

The magneto-resistance effect elements 35b, 35c, 35d, 35e, 
35f, 35g, 35h, and 35i, shown in Figs. 50—57, can also be 
employed for the magneto-resistance effect head in the same way 
as the magneto-resistance effect element 35a. 
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Incidentally f in this embodiment, the lower shield layer 
16 and the lower conductive layer 1 may be the same layer, and 
the upper shield layer 17 and the upper conductive layer 15 may 
be the same layer* In addition, an upper gap layer may be 
5 provided between the upper conductive layer 15 and the shield 

layer 17, and a lower gap layer may be provided between the lower 
shield layer 16 and the lower conductive layer 1. 

In addition, the underlying layer for vertical bias layer 
^ 2a, the underlying layer for fixing layer 6a, the second non- 

■J 10 magnetic layer 9, and the upper layer 7 may be omitted, and a 
!;f protective layer for protecting the vertical bias layers may be 

!H provided on the vertical bias layer 2b. 

?S Now, an eighth embodiment according to the present 

i 

□ invention is described below. Figs. 58 - 64 are fragmentary 

15 sectional views illustrating the steps of a method for 
q fabricating a magneto-resistance effect head according to this 

embodiment in the order in which they appear. 

First, as shown in Fig. 58, the lower shield layer 16 and 
the lower conductive layer 1 are successively formed on a 
20 substrate (not shown). 

Then, as shown in Fig. 59, formed and layered in the 
following order are the underlying layer for fixing layer 6a, the 
fixing layer 6b, the fixed layer 5, the first non-magnetic layer 
4, the free layer 3b, and the second non-magnetic layer. 
25 Then, as shown in Fig. 60, the photoresist 20 having the 

opening portion 20a is formed on top of the second non-magnetic 
layer 9. Then, patterned are the underlying layer for fixing 
layer 6a, the fixing layer 6b, the fixed layer 5, the first non- 
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magnetic layer 4, the free layer 3b , and the second non-magnetic 
layer 9 by dry etching or like means. Thus, a pattern 29c is 
formed which is made up of the patterned the underlying layer for 
fixing layer 6a , the fixing layer 6b, the fixed layer 5, the 
first non-magnetic layer 4, the free layer 3b , and the second 
non-magnetic layer 9, which have been patterned. 

Then, as shown in Fig. 61, the insulation layer 11 is 
formed to bury the pattern 29c. 

Then, as shown in Fig. 62, on the pattern 29c and the 
insulation layer 11, formed are the first magnetic layer 8, the 
third non-magnetic layer 13, the second magnetic layer 12, and 
the vertical bias layer 2b. 

Then, as shown in Fig. 63, the photoresist 21 having the 
opening portion 21a is formed immediately above the patterned 
non-magnetic layer 9. Then, with the photoresist 21 being 
employed as a mask, the vertical bias layer 2b is patterned, 
thereby forming a magneto-resistance effect element 36a. 

Then, as shown in Fig. 64, the photoresist 21 is removed. 
Then, the upper conductive layer 15 is deposited on the exposed 
portion of the second magnetic layer 12 and the pattern of the 
vertical bias layer 2b, and a photoresist (not shown) is formed 
to perform patterning by dry etching or like means. Thereafter, 
the photoresist is removed and the upper shield layer 17 is 
formed thereupon, thereby forming a magneto-resistance effect 
head 66a. 

Now, the structure of the magneto-resistance effect head 
66a according to this embodiment is described below. As shown in 
Fig. 64, the magneto-resistance effect head 66a is provided with 



the lower shield layer 16 , and the lower conductive layer 1 is 
provided on top of the lower shield layer 16. Thus, on top of 
the lower conductive layer 1, formed is the pattern 29c made up 
of the underlying layer for fixing layer 6a , the fixing layer 6b , 
the fixed layer 5, the first non-magnetic layer 4, the free layer 
3b , and the second non-magnetic layer 9, which have been 
patterned. The insulation layer 11 is arranged around the 
pattern 29c, and the pattern 29c is buried in the insulation 
layer 11. 

On the pattern 29c and the insulation layer 11, provided 
are the first magnetic layer 8, a third non-magnetic layer 13, 
and a second magnetic layer 12. On top of the second magnetic 
layer 12, the vertical bias layer 2b is provided so as not to be 
disposed immediately above the pattern 29c. 

In addition, the third non-magnetic layer 13 allows the 
component material and the film thickness thereof to control the 
magnetic coupling between the second magnetic layer 12 and the 
magnetic layer 8. Materials forming the third non-magnetic layer 
13 include a single material of one type, a mixture of materials 
of two or more types, a compound of two or more types, or a 
multi-layered film formed of materials of two or more types, 
which are selected from the group consisting of Ti, V, Cr, Co, Cu, 
Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Hf, Ta, W, Re, Os, Ir, Pt, 
Au, Si, Al, Ta, Pt, and Ni. In particular, Ru and Cr are 
favorable . 

On the other hand, materials forming the second magnetic 
layer 12 include a single material of one type, a mixture of 
materials of two or more types, or a multi-layered film formed of 
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materials of two or more types, which are selected from the group 
consisting of alloys or amorphous magnetic materials such as NiFe, 
Co, CoFe, NiFeCo, FeCo, CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, 
CoTa, CoTaHf, CoNbHf , CoZrNb, CoHfPd, CoTaZrNb, and CoZrMoNi. In 
5 particular, NiFe, Co, CoFe, NiFeCo, and FeCo are favorable. In 
addition, as an additive element, one or more types of elements 
can be used which are selected from the group consisting of Ta, 
Hf, Zr, W, Cr, Ti, Mo, Pt, Ni, Ir, Cu, Ag, Co, Zn, Ru, Rh, Re, Au, 
Os, Pd, Nb, and V. 

^2 10 Now, the operation of the magneto-resistance effect head 

^ 66a according to this embodiment is described below. When an 

jfl external magnetic field is applied to the magneto-resistance 

*D effect head 66a, the magnetic field is applied to the second 

12 magnetic layer 12 via the vertical bias layer 2b. Subsequently, 

"Si 

fjd 15 a vertical bias magnetic field is applied from the second 

*~ 

□ magnetic layer 12 to the magnetic layer 8b via the third non- 

magnetic layer 13 by means of magnetic coupling such as 
ferromagnetic coupling, anti-ferromagnetic coupling, or magneto- 
static coupling. Furthermore, the vertical bias magnetic field 

20 is applied from the magnetic layer 8 to the free layer 3b via the 
second non-magnetic layer 9 by means of magnetic coupling such as 
ferromagnetic coupling, anti-ferromagnetic coupling, or magneto- 
static coupling. 

The orientation of magnetization of the free layer 3b 

25 changes in accordance with the direction and magnitude of this 
magnetic field. Since the orientation of magnetization of the 
fixed layer 5 is pinned by the fixing layer 6b, a change occurs 
in orientation of magnetization between the fixed layer 5 and the 



free layer 3b , causing a change in electrical resistance of the 
non-magnetic layer 4. In this state, the lower conductive layer 
1 and the upper conductive layer 15 allow a sense current to flow 
in the direction perpendicular to the non-magnetic layer 4 to 
measure the electrical resistance of the non-magnetic layer 4, 
thereby making it possible to detect the external magnetic field. 

Now, an effect of this embodiment is described below. In 
the magneto-resistance effect head 65a according to this 
embodiment/ a vertical bias magnetic field is applied to the free 
layer 3b from the vertical bias layer 2b through three steps of 
process, thereby assuring the application of the vertical bias 
magnetic field and facilitating the control of the amount of 
application of the magnetic field. 

Another advantage of the magneto-resistance effect head 
65a is provided when the layered film made up of the magnetic 
layer 8, the third non-magnetic layer 13 , and the second magnetic 
layer 12 produces a strong anti-ferromagnetic coupling between 
the magnetic layer 8 and the second magnetic layer 12 . The 
advantage is also provided when the magnetization of the magnetic 
layer 8 (the product of the saturation magnetization and the film 
thickness) is made substantially equal to that of the second 
magnetic layer 12. In this case, the foregoing layered film is 
turned to a merged film having effectively no magnetization, thus 
providing no sensitivity to the magnetic field of an external 
magnetic field applied. For this reason, in this case, only the 
free layer 3b, in the structure of Fig. 64, has sensitivity to an 
external magnetic field. Thus, the width of the tracks is 
determined only by the pattern width of the free layer 3b when 
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the magneto-resistance effect head 65a functions as the read head. 
This is advantageous in making a narrow- track head. Incidentally , 
even in this case, a vertical bias magnetic field is applied 
precisely to the free layer 3b through the aforementioned process. 
5 In addition, that the magnetization of the magnetic layer 8 is 
V substantially equal to that of the second magnetic layer 12 means 

that they are equal to each other to the degree that the 
aforementioned effect is recognized. 

Incidentally, in this embodiment, the underlying layer for 
^0 io fixing layer 6a, the second non-magnetic layer 9, the third non- 
!« magnetic layer 13, and the upper layer 7 may be omitted. In 

111 addition, an underlying layer for vertical bias layer may be 

lO provided on the lower portion of the vertical bias layer 2b. In 

q some cases, a protective layer for protecting a vertical bias 

jy 15 layer is provided on the vertical bias layer 2b, and an upper 
l5 layer is provided on the second magnetic layer 12. 

Furthermore, in this embodiment, it has been explained in 
which the underlying layer for fixing layer 6a, the fixing layer 
6b, the fixed layer 5, the first non-magnetic layer 4, the free 
20 layer 3b, and the second non-magnetic layer 9 are patterned in 
the same way. However, it is necessary to pattern at least the 
free layer 3b but not necessary to pattern the layered film made 
up of the underlying layer for fixing layer 6a, the fixing layer 
6b, the fixed layer 5, and the first non-magnetic layer 4. In 
25 addition, the pattern of the underlying layer for fixing layer 6a 
may be extended further than that of the fixing layer 6b. The 
pattern of the fixing layer 6b may be extended further than that 
of the fixed layer 5. The pattern of the fixed layer 5 may be 



- 65 - 

extended further than that of the non-magnetic layer 4. The 
pattern of the non-magnetic layer 4 may be extended further than 
that of the free layer 3b. In addition , this embodiment has 
shown such that the upper surface of the insulation layer 11 is 
5 equal in height to that of the pattern of the free layer 3b. 
However, the upper surface of the insulation layer 11 may be 
lower than that of the pattern of the free layer 3b or higher 
than the upper surface of the pattern of the free layer 3b. 
Furthermore, Fig. 64 has shown that the second non-magnetic layer 

10 9 and the free layer 3b are patterned in the same way. However, 
the pattern of the second non-magnetic layer 9 may be extended 
further than that of the free layer 3b. 

Figs. 65 - 66 are fragmentary sectional views illustrating 
the structure of a magneto-resistance effect element according to 

15 a variation of this embodiment. With reference to Fig. 64, it 
has been shown in which the first magnetic layer 8, the third 
non-magnetic layer 13, and the second magnetic layer 12 are not 
patterned. However, in a magneto-resistance effect element 36b 
shown in Fig. 65, the end portion of patterns of the magnetic 

20 layer 8, the third non-magnetic layer 13, and the second magnetic 
layer 12 is arranged under the pattern of the vertical bias layer 
2b. 

In addition, in the magneto-resistance effect element 36c 
shown in Fig. 66, the end portion of patterns of the magnetic 
25 layer 8, the third non-magnetic layer 13, and the second magnetic 
layer 12 are in contact with the end portion of the pattern of 
the vertical bias layer 2b. Incidentally, the magneto-resistance 
effect elements 36b and 36c can also be employed for the magneto- 
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resistance effect head, like the magneto-resistance effect 
element 36a. 

Now f a ninth embodiment of the present invention is 
described below. Figs. 67 - 70 are fragmentary sectional views 
illustrating the steps of a method for fabricating a magneto- 
resistance effect head according to this embodiment in the order 
in which they appear. 

First, a structure body as shown in Fig. 61 is formed 
through the steps, shown in Figs. 58 — 61, according to the 
aforementioned eighth embodiment. 

Then, as shown in Fig. 67, the photoresist 20 is removed, 
and the photoresist 21 is formed to cover the peripheral region 
of the second non-magnetic layer 9 and the second non-magnetic 
layer 9 in the insulation layer 11. 

Then, as shown in Fig. 68, with the photoresist 21 being 
employed as a mask, a recessed portion 11a is formed in the 
insulation layer 11, and the underlying layer for vertical bias 
layer 2a and the vertical bias layer 2b are formed so as to be 
buried in the recessed portion 11a. 

Then, as shown in Fig. 69, the photoresist 21 is removed 
to form the first magnetic layer 8, the third non-magnetic layer 
13, and the second magnetic layer 12 in that order, thereby 
forming a magneto-resistance effect element 37a. 

Then, as shown in Fig. 70, the upper conductive layer 15 
is deposited on the second magnetic layer 12 and then a 
photoresist (not shown) is formed. With this photoresist being 
employed as a mask, the upper conductive layer 15 is patterned by 
dry etching or like means. Thereafter, the photoresist is 
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removed and the upper shield layer 17 is formed thereupon, 
thereby forming a magneto-resistance effect head 67a. 

Now, the structure of the magneto-resistance effect head 
67a according to this embodiment is described below. The 
magneto-resistance effect head 67a is provided with the lower 
shield layer 16, and the lower conductive layer 1 is provided on 
the lower shield layer 16. Then, formed on top of the lower 
conductive layer 1 is the pattern in which the underlying layer 
for fixing layer 6a patterned on the fixing layer 6b, the fixed 
layer 5, non-magnetic layer 4, the free layer 3b, and the second 
non-magnetic layer 9 are layered in that order, and this pattern 
is buried in the insulation layer 11. As shown in Fig. 70, the 
insulation layer 11 has the recessed portion 11a on the upper 
surface thereof, and the underlying layer for vertical bias layer 
2a and the vertical bias layer 2b are formed so as to be buried 
in the recessed portion 11a. Then, on the second non-magnetic 
layer 9, the insulation layer 11, and the vertical bias layer 2b, 
formed are the magnetic layer 8, the third non-magnetic layer 13, 
and the second magnetic layer 12. Furthermore, the patterned 
upper conductive layer 15 is provided on the second magnetic 
layer 12, and the upper shield layer 17 is provided on the 
pattern of the second magnetic layer 12 and the upper conductive 
layer 15. 

Now, a tenth embodiment according to the present invention 
is described below. Figs. 71-76 are fragmentary sectional 
views illustrating the steps of a method for fabricating a 
magneto-resistance effect head according to this embodiment in 
the order in which they appear. 
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First, as shown in Fig. 71 , on a substrate (not shown), 
formed are the lower shield layer 16 and the lower conductive 
layer 1. 

Then, as shown in Fig. 72, the following layers are formed 
5 and layered on the lower conductive layer 1. That is, the 

underlying layer for fixing layer 6a, the fixing layer 6b, the 
fixed layer 5, the first non-magnetic layer 4, the free layer 3b, 
the second non-magnetic layer 9, the first magnetic layer 8, the 
third non-magnetic layer 13, the second magnetic layer 12, the 

10 underlying layer for vertical bias layer 2a, and the vertical 
bias layer 2b are formed and layered in that order. 

Then, as shown in Fig. 73, the photoresist 20 is patterned 
on the vertical bias layer 2b. 

Then, as shown in Fig. 74, with the photoresist 20 being 

15 employed as a mask, etched by dry etching or like means and 

thereby patterned are the underlying layer for fixing layer 6a, 
the fixing layer 6b, the fixed layer 5, the non-magnetic layer 4, 
the free layer 3b, the second non-magnetic layer 9, the magnetic 
layer 8, the third non-magnetic layer 13, the second magnetic 

20 layer 12, the underlying layer for vertical bias layer 2a, and 
the vertical bias layer 2b. Thus, a pattern 29d is formed which 
is made up of the underlying layer for fixing layer 6a, the 
fixing layer 6b, the fixed layer 5, the non-magnetic layer 4, the 
free layer 3b, the second non-magnetic layer 9, the magnetic 

25 layer 8, the third non-magnetic layer 13, the second magnetic 
layer 12, the underlying layer for vertical bias layer 2a, and 
the vertical bias layer 2b. 

Then, as shown in Fig. 75, the insulation layer 11 is 
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formed to bury the pattern 29d therein , thereby forming the 
magneto-resistance effect element 38a. 

Then, as shown in Fig. 76, the photoresist 20 is removed, 
and the upper conductive layer 15 is formed on the vertical bias 
5 layer 12 and the insulation layer 11 to form a photoresist (not 
shown) . Then, with this photoresist being employed as a mask, 
the upper conductive layer 15 is patterned by dry etching or like 
means. Then, the photoresist is removed to form the upper shield 
,^ layer 17 thereupon, thus forming a magneto-resistance effect head. 

\% 10 Now, the structure of the magneto-resistance effect head 

j~ according to this embodiment is described below. As shown in Fig. 

\l\ 76, the magneto-resistance effect head is provided with a lower 

)U shield layer (not shown), and the lower conductive layer 1 is 

13 provided on a lower shield layer. On top of the lower conductive 

W 15 layer 1, provided is the pattern 29d made up of the underlying 

in 

13 layer for fixing layer 6a, the fixing layer 6b, the fixed layer 5, 

non-magnetic layer 4, the free layer 3b, the second non-magnetic 
layer 9, the first magnetic layer 8, the third non-magnetic layer 
13, the second magnetic layer 12, the underlying layer for 

20 vertical bias layer 2a, and the vertical bias layer 2b, which 
have been patterned. The pattern 29d is buried in the 
insulation layer 11, and the vertical bias layer 2b of the 
pattern 29d is exposed on the upper surface of the insulation 
layer 11. In addition, the upper conductive layer 15, which has 

25 been patterned, is provided on top of the pattern 29d and the 

insulation layer 11, and the upper shield layer 17 is provided on 
the upper conductive layer 15 and the insulation layer 11. 

Now, the operation of the magneto-resistance effect head 
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according to this embodiment is described below. The magnetic 
field applied to the magneto-resistance effect head is applied to 
the second magnetic layer 12 via the vertical bias layer 2b. 
Then, the vertical bias magnetic field is applied to the first 
magnetic layer 8 from the second magnetic layer 12 via the third 
non-magnetic layer 13 by means of magnetic coupling such as 
ferromagnetic coupling, antiferromagnetic coupling, or magneto- 
static coupling. Furthermore, the vertical bias magnetic field 
is applied to the free layer 3b from the first magnetic layer 8 
via the second non-magnetic layer 9 by means of magnetic coupling 
such as ferromagnetic coupling, antiferromagnetic coupling, or 
magneto-static coupling. 

The third non-magnetic layer 13 allows the component 
material and the film thickness thereof to control the magnetic 
coupling between the second magnetic layer 12 and the magnetic 
layer 8. In addition, the second non-magnetic layer 9 allows the 
component material and the film thickness thereof to control the 
magnetic coupling between the magnetic layer 8 and the free layer 
3b. As described above, a vertical bias magnetic field is 
applied to the free layer 3b from the vertical bias layer 2b 
through three steps of process, thereby assuring the application 
of the vertical bias magnetic field and facilitating the control 
of the magnetic field applied. 

incidentally, the underlying layer for fixing layer 6a, 
the second non-magnetic layer 9, the third non-magnetic layer 13, 
and the underlying layer for vertical bias layer 2a can be 
omitted. Incidentally, a protective layer for protecting the 
vertical bias layer 2b may be provided on the vertical bias layer 
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2b, while an upper layer may be provided on the second magnetic 
layer 12. 

Fig. 77 is a fragmentary sectional view illustrating the 
structure of a magneto-resistance effect element 38b according to 
a variation of this embodiment. The magneto-resistance effect 
element 38b is provided with the lower conductive layer 1 on a 
substrate (not shown). On top of the lower conductive layer 1, 
provided are the underlying layer for fixing layer 6a , the fixing 
layer 6b, the fixed layer 5, non-magnetic layer 4, the free layer 
3b, the second non-magnetic layer 9, the first magnetic layer 8, 
the underlying layer for vertical bias layer 2a, and the vertical 
bias layer 2b. And, these layers have been patterned and buried 
in the insulation layer 11. The vertical bias layer 2b is 
exposed on the upper surface of the insulation layer 11. 

First, the vertical bias magnetic field applied to the 
magneto-resistance effect element 38b is applied to the magnetic 
layer 8 via the vertical bias layer 2b. Then, the vertical bias 
magnetic field is applied to the free layer 3b from the first 
magnetic layer 8 via the second non-magnetic layer 9 by means of 
magnetic coupling such as ferromagnetic coupling, 
antiferromagnetic coupling, or magneto-static coupling. And, the 
second non-magnetic layer 9 allows the component material and the 
film thickness thereof to control the magnetic coupling between 
the magnetic layer 8 and the free layer 3b. 

As described above, a vertical bias magnetic field is 
applied to the free layer 3b from the vertical bias layer 2b 
through two steps of process, thereby assuring the application of 
the vertical bias magnetic field and facilitating the control of 



the amount of the magnetic field applied. 

Incidentally, in this embodiment , it has been explained in 
which the underlying layer for fixing layer 6a , the fixing layer 
6b , the fixed layer 5, the non-magnetic layer 4, the free layer 
3b , and the second non-magnetic layer 9 are patterned in the same 
way. However , it is necessary to pattern at least the free layer 
3b but not necessary to pattern the layered film made up of the 
underlying layer for fixing layer 6a, the fixing layer 6b , the 
fixed layer 5, and the non-magnetic layer 4. In addition, the 
pattern of the underlying layer for fixing layer 6a may be 
extended further than that of the fixing layer 6b. The pattern 
of the fixing layer 6b may be extended further than that of the 
fixed layer 5. The pattern of the fixed layer 5 may be extended 
further than that of the non-magnetic layer 4. The pattern of 
the first non-magnetic layer 4 may be extended further than that 
of the free layer 3b. 

Now, an eleventh embodiment according to the present 
invention is described below. Figs. 78-87 are fragmentary 
sectional views illustrating the steps of a method for 
fabricating a magneto-resistance effect head according to this 
embodiment in the order in which they appear. 

First, as shown in Fig. 78, the lower shield layer 16 and 
the lower conductive layer 1 are successively formed on top of a 
substrate (not shown). 

Then, as shown in Fig. 79, the underlying layer for fixing 
layer 6a, the fixing layer 6b, the fixed layer 5, the first non- 
magnetic layer 4, the free layer 3b, and the second non-magnetic 
layer 9 are formed and layered in that order on the lower 
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conductive layer 1. 

Then, as shown in Fig. 80 , the photoresist 20 is patterned 
on the second non-magnetic layer 9. Then, the underlying layer 
for fixing layer 6a, the fixing layer 6b, the fixed layer 5, the 
5 first non-magnetic layer 4, the free layer 3b, and the second 
non-magnetic layer 9 are patterned by dry etching or like means, 
thereby forming a pattern 29e made up of these layers. 

Then, as shown in Fig. 81, the insulation layer 11 is 
^ formed around the pattern 29e to bury the pattern 29e therein. 

*5 10 And, the insulation layer 11 is made equal in height to the 

pattern 29e near the pattern 29e but is slightly lower than the 
ill pattern 29e at a given distance from the pattern 29e, between 

which a smooth slope connects. 
G Then, as shown in Fig. 82, on the insulation layer 11, 

{d 15 formed are the underlying layer for vertical bias layer 2a and 
p the vertical bias layer 2b. The vertical bias layer 2b is varied 

in thickness along the slope of the insulation layer 11, allowing 
the vertical bias layer 2b to be thick in thickness at a given 
distance from the pattern 29e and reduced in thickness with 
20 increasing proximity to the pattern 29e. 

Then, as shown in Fig. 83, the photoresist 20 is removed 
to form the first magnetic layer 8 and a fourth magnetic layer 18 
on the second non-magnetic layer 9 and the vertical bias layer 2b. 
Then, as shown in Fig. 84, a second free layer 19, a fifth 
25 non-magnetic layer 25, a second fixed layer 26, a second fixing 
layer 27, and the upper layer 7 are formed in that order. 

Then, as shown in Fig. 85, the photoresist 21 is formed to 
cover the region that matches the pattern 29e on the upper layer 
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7. With the photoresist 21 being employed as a mask, the fourth 
non-magnetic layer 18, the second free layer 19 , the fifth non- 
magnetic layer 20, the second fixed layer 26, the second fixing 
layer 27, and the upper layer 7 are patterned. Formed thereby is 
a pattern 29f made up of the fourth non-magnetic layer 18, the 
second free layer 19, the fifth non-magnetic layer 20, the second 
fixed layer 26, the second fixing layer 27, and the upper layer 7. 

Then, as shown in Fig. 86, around the pattern 29f , the 
insulation layer lib is formed to bury pattern 29f therein, 
thereby providing a magneto-resistance effect element 39a formed 
on the lower shield layer 16. 

Then, as shown in Fig. 87, the photoresist 21 is removed, 
and the upper conductive layer 15 is deposited on the upper layer 
7 and the insulation layer lib to form a photoresist (not shown). 
With this photoresist being employed as a mask, the upper 
conductive layer 15 is patterned by dry etching or like means. 
Thereafter, the photoresist is removed and the upper shield layer 
17 is formed thereupon, thus forming a magneto-resistance effect 
head 69a. 

Now, the structure of the magneto-resistance effect 
element 39a according to this embodiment is described below. As 
shown in Fig. 87, the magneto-resistance effect element 39a is 
adapted that the non-magnetic layer, the free layer, the non- 
magnetic layer, the fixed layer, and the fixing layer are formed 
to be vertically symmetric with respect to the second non- 
magnetic layer 8b to which a vertical bias magnetic field is 
applied from the underlying layer for vertical bias layer 2a. 

The magneto-resistance effect element 39a is provided with 
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the lower shield layer 16 , and the lower conductive layer 1 is 
provided on the lower shield layer 16. On top of the lower 
conductive layer 1, formed is the pattern 29e made up of the 
underlying layer for fixing layer 6a , the fixing layer 6b, the 
5 fixed layer 5, the first non-magnetic layer 4, the free layer 3b, 
and the second non-magnetic layer 9, which have been patterned. 
The pattern 29e is buried in the insulation layer 11. 

The upper surface of the insulation layer 11 is generally 
flush with that of the pattern 29e near the pattern 29e but is 
^0 10 slightly lower than the upper surface of the pattern 29e at a 
1~ given distance from the pattern 29e. The pattern of the 

IH underlying layer for vertical bias layer 2a and the vertical bias 

<0 layer 2b is provided to allow at least part thereof in the 

O direction of film thickness to be buried in the insulation layer 

!.y 15 11. The second non-magnetic layer 8 is provided on the pattern 

13 

12 29e and the vertical bias layer 2b. 

On top of the second non-magnetic layer 8, the pattern 29f 
is provided which is made up of the fourth magnetic layer 18, the 
second free layer 19, the fifth non-magnetic layer 25, the second 

20 fixed layer 26, the second fixing layer 27, and the upper layer 7, 
which have been patterned, with the pattern 29f being buried in 
the insulation layer lib. In addition, the upper conductive 
layer 15 and the upper shield layer 17 are provided on the 
pattern 29f and the insulation layer lib. 

25 Now, the operation of the magneto-resistance effect 

element 39a according to this embodiment is described below. 
When a sensor containing the magneto-resistance effect element 
39a is subjected to an external magnetic field, the second free 
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layer 19 , like the free layer 3b, serves as a magnetic layer 
which changes its orientation of magnetization in accordance with 
the orientation and magnitude of the magnetic field. The fifth 
non-magnetic layer 25 is disposed between the second free layer 
5 19 and the second fixed layer 26 , and varies in electrical 

resistance in accordance with the angle between the orientation 
of magnetization of the second free layer and that of the second 
fixed layer 26. The orientation of magnetization of the second 
fixed layer 26 is pinned by the second fixing layer 27. Thus, a 
*H 10 change in orientation of magnetization of the free layer in 

if accordance with the orientation and magnitude of an external 

I3j 

IH magnetic field would cause a change to occur between the 

ili 

orientation of magnetization of the fixed layer, the orientation 
of which is pinned, and that of the free layer. This results in 



i<== 



i 



! : U 15 a change in resistance of the fifth non-magnetic layer 25. 

i3 

q In the magneto-resistance effect element 39a, the amount 

of a change in electrical resistance produced upon conducting a 
sense current from the lower conductive layer 1 to the upper 
conductive layer 15 is equal to the sum of a change in electrical 

20 resistance of the pattern 29e located below the magnetic layer 8 
and a change in electrical resistance of the pattern 29f located 
above the magnetic layer 8. 

Generally, in the magneto-resistance effect element, the 
free layer is unavoidably subjected to the influence of a 

25 circular electric magnetic field caused by a current flowing 
perpendicularly to the film surface. However, in the magneto- 
resistance effect element 39a according to this embodiment, the 
influence of the electric magnetic field to which the free layer 
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3b is subjected is opposite to that of the electric magnetic 
field to which the second free layer 19 is subjected, thereby 
canceling out the influences as a whole. Thus, it is made 
possible to significantly reduce the influence of the electric 
5 magnetic field. 

In addition, in the magneto-resistance effect element 39a, 
the vertical bias magnetic field applied is first applied to the 
second magnetic layer 8 via the vertical bias layer 2b. Then, 
the vertical bias magnetic field is applied to the free layer 3b 

10 from the second magnetic layer 8 via the second non-magnetic 

layer 9 and to the second free layer 19 through the fourth non- 
magnetic layer 18. The second non-magnetic layer 9 controls the 
magnetic coupling between the second magnetic layer 8b and the 
free layer 3b by the component material and film thickness 

15 thereof, while the fourth non-magnetic layer 18 controls the 
magnetic coupling between the magnetic layer 8b and the second 
free layer 19 by the component material and film thickness 
thereof. As described above, a vertical bias magnetic field is 
applied to the free layer 3b and the second free layer 19 from 

20 the vertical bias layer 2b through two steps of process, thereby 
assuring the application of the vertical bias magnetic field and 
facilitating the control of the amount of application of the 
magnetic field. 

Incidentally, in this embodiment, the underlying layer for 

25 vertical bias layer 2a, the underlying layer for fixing layer 6a, 
the second non-magnetic layer 9, the fourth magnetic layer 18, 
and the upper layer 7 can be omitted. Furthermore, in some cases, 
a protective layer for protecting the vertical bias layer may be 



provided on the vertical bias layer 2b. 

In addition, in this embodiment, it has been explained in 
which the underlying layer for fixing layer 6a, the fixing layer 
6b, the fixed layer 5, the first non-magnetic layer 4, the free 
layer 3b, and the second non-magnetic layer 9 are patterned in 
the same way. However, it is necessary to pattern at least the 
free layer 3b but not necessary to pattern the underlying layer 
for fixing layer 6a, the fixing layer 6b, the fixed layer 5, and 
the first non-magnetic layer 4. Furthermore, the pattern of the 
underlying layer for fixing layer 6a may be extended further than 
that of the fixing layer 6b. The pattern of the fixing layer 6b 
may be extended further than that of the fixed layer 5. The 
pattern of the fixed layer 5 may be extended further than that of 
the non-magnetic layer 4. The pattern of the first non-magnetic 
layer 4 may be extended further than that of the free layer 3b. 

Still furthermore, this embodiment has shown that the 
upper surface of the insulation layer 11 is lower than that of 
the pattern of the free layer 3b at a given distance from the 
pattern 29e or 29f . However, the upper surface of the insulation 
layer 11 may be equal in height to the upper surface of the 
pattern of the free layer 3b or higher than the upper surface of 
the pattern of the free layer 3b. Furthermore, the pattern of 
the vertical bias layer 2b may be spaced apart from the pattern 
of the free layer 3b and that of the second free layer 19. In 
addition, the fourth magnetic layer 18 may be patterned in 
conjunction with the second free layer 19 and extended further 
than the pattern of the second free layer 19. Furthermore, the 
pattern of the second non-magnetic layer 9 may be extended 
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further than that of the free layer 3b. 

Figs. 88 - 90 are fragmentary sectional views illustrating 
the structure of a magneto-resistance effect element according to 
a variation of this embodiment. Fig. 88 shows that fourth 
magnetic layer 18 is not patterned. 

In addition , Fig. 89 shows that the upper surface of the 
insulation layer 11 is higher than that of the pattern of the 
free layer 3b. 

Furthermore , Fig. 90 shows that the pattern of the 
vertical bias layer 2b is spaced apart from that of the free 
layer 3b and the second free layer 19. The magneto-resistance 
effect element shown in Figs. 88 - 90 can also be employed for 
the magneto-resistance effect head. 

Now, a twelfth embodiment according to the present 
invention is described below. Figs. 91-94 are fragmentary 
sectional views illustrating the structure of a magneto- 
resistance effect head according to this embodiment. 

First, a layered body as shown in Fig. 6 is formed through 
the steps, shown in Figs. 4 — 6, according to the aforementioned 
first embodiment. 

Then, as shown in Fig. 91, on the lower conductive layer 1 
and the vertical bias layer 2b, layered in sequence are a second 
underlying layer for magnetic layer 12a, a second magnetic layer 
12b, the third non-magnetic layer 13, the second magnetic layer 8, 
the second non-magnetic layer 9, the free layer 3b, the first 
non-magnetic layer 4, the fixed layer 5, the fixing layer 6b, and 
the upper layer 7 . 



Then, as shown in Fig. 92, a photoresist 21 is formed at 
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the central portion of the region where no recessed portion la of 
the lower conductive layer 1 is formed on the upper layer 7. 

Then, as shown in Fig. 93, the second non-magnetic layer 9, 
the free layer 3b , the first non-magnetic layer 4, the fixed 
5 layer 5, the fixing layer 6b, and the upper layer 7 are etched by 
dry etching or like means. Then, the portion removed by the 
etching is buried in the insulation layer 11 and thus a magneto- 
resistance effect element 39b is formed. 
^ Then, as shown in Fig. 94, the photoresist 21 is removed, 

% P 10 and the upper conductive layer 15 is deposited to form a 
l;f photoresist (not shown). With this photoresist being employed as 

IH a mask, the upper conductive layer 15 is patterned by dry etching 

$0 or like means. Thereafter, this photoresist is removed and the 

!□ upper shield layer 17 is formed thereupon, thus forming a 

{pd 15 magneto-resistance effect head 69b. 

13 Now, the structure of the magneto-resistance effect head 

69b according to this embodiment is described below. As shown in 
Fig. 94, the magneto-resistance effect head 69b is provided with 
the lower shield layer 16, while the lower conductive layer 1 is 

20 provided on the lower shield layer 16. The recessed portion la 

is provided on the upper surface of the lower conductive layer 1, 
and the underlying layer for vertical bias layer 2a and the 
vertical bias layer 2b are provided so as to be in the recessed 
portion la. On the lower conductive layer and the vertical bias 

25 layer 2b, provided are the second underlying layer for magnetic 
layer 12a, the second magnetic layer 12b, the third non-magnetic 
layer 13, and the first magnetic layer 8. A pattern made up of 
the second non- magnetic layer 9, the free layer 3b, the non- 
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magnetic layer 4, the fixed layer 5, the fixing layer 6b , and the 
upper layer 7 is formed immediately above the portion surrounded 
by the pattern of the two vertical bias layers on the magnetic 
layer 8. 

In this embodiment, it has been shown in which the second 
non-magnetic layer 9 is patterned in conjunction with the free 
layer 3b , the non-magnetic layer 4, the fixed layer 5, the fixing 
layer 6b, and the upper layer 7. However, the second non- 
magnetic layer 9 may be extended like the pattern of the magnetic 
layer 8. Alternatively, the second non-magnetic layer 9 may be 
extended further than the free layer 3b, the non-magnetic layer 4 
the fixed layer 5, the fixing layer 6b, and the upper layer 7, or 
may be smaller than the pattern of the magnetic layer 8. 

In addition, the underlying layer for vertical bias layer 
2a, the second non-Underlying layer for magnetic layer 12a, and 
the upper layer 7 can be omitted. A protective layer for 
protecting the vertical bias layer can be provided on the upper 
of the vertical bias layer 2b. Furthermore, the second 
underlying layer for magnetic layer 12a, the second magnetic 
layer 12b, the third non-magnetic layer 13, and the first 
magnetic layer 8 do not always have to extend as shown in Fig. 94 

Figs. 95 and Fig. 96 are fragmentary sectional views 
illustrating the structure of a magneto-resistance effect element 
according to a variation of this embodiment. Fig. 95 shows that 
the end portion of the second underlying layer for magnetic layer 
12a, the second magnetic layer 12b, the third non-magnetic layer 
13, and the first magnetic layer 8 is in contact with that of the 
pattern of the vertical bias layer 2b. 
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In addition, Fig. 96 shows that the end portion of the 
second underlying layer for magnetic layer 12a , the second 
magnetic layer 12b, the third non-magnetic layer 13, and the 
first magnetic layer 8 sits on the pattern of the vertical bias 
layer 2b. 

In addition, the pattern of the second magnetic layer 12b 
may be larger than that of the third non-magnetic layer 13, and 
the pattern of the third non-magnetic layer 13 may be larger than 
the pattern of the magnetic layer 8b. 

Now, a thirteenth embodiment according to the present 
invention is described below. Figs. 97 - 102 are fragmentary 
sectional views illustrating the structure of a magneto- 
resistance effect head according to this embodiment. 

First, as shown in Fig. 97, the lower shield layer 16 and 
the lower conductive layer 1 are formed successively on a 
substrate ( not shown ) . 

Then, as shown in Fig. 98, the underlying layer for 
vertical bias layer 2a and the vertical bias layer 2b are 
deposited on the lower conductive layer 1. 

Then, as shown in Fig. 99, layered sequentially are the 
second underlying layer for magnetic layer 12a, the second 
magnetic layer 12b, the third non-magnetic layer 13, the magnetic 
layer 8, the second non-magnetic layer 9, the underlying layer 
for free layer 3a, the free layer 3b, the non-magnetic layer 4, 
the fixed layer 5, the fixing layer 6b, and the upper layer 7. 

Then, as shown in Fig. 100, the photoresist 21 is 
patterned on the upper layer 7. 

Then, as shown in Fig. 101, with the photoresist 21 being 
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employed as a mask, the second non-magnetic layer 9, the free 
layer 3b , the first non-magnetic layer 4, the fixed layer 5, the 
fixing layer 6b and the upper layer 7 are etched by dry etching 
or like means. Thereafter , the portion removed by the etching is 
buried in the insulation layer 11 and thus a magneto-resistance 
effect element 39c is formed. 

Then, as shown in Fig. 102 , the photoresist 20 is removed, 
and the upper conductive layer 15 is deposited on the insulation 
layer 11 and the upper layer 7 to form a photoresist (not shown). 
With this photoresist being employed as a mask, the upper 
conductive layer 15 is patterned by dry etching or like means. 
Then, this photoresist is removed and the upper shield layer 17 
is formed on the upper conductive layer 15, thus forming a 
magneto-resistance effect head 69c. 

Now, the structure of the magneto-resistance effect head 
69c according to this embodiment is described below. As shown in 
Fig. 102, the magneto-resistance effect head 69c has the lower 
conductive layer 1 provided on the lower shield layer 16. The 
underlying layer for vertical bias layer 2a and the vertical bias 
layer 2b are provided thereupon. Further formed thereupon are 
the second underlying layer for magnetic layer 12a, the second 
magnetic layer 12b, the third non-magnetic layer 13, and the 
magnetic layer 8. On the magnetic layer 8, provided are the 
second non-magnetic layer 9, the free layer 3b, the non-magnetic 
layer 4, the fixed layer 5, the fixing layer 6b, and the upper 
layer 7, which have been patterned and buried in the insulation 
layer 11. in addition, the upper conductive layer 15 is provided 
on the upper layer 7 and the insulation layer 11, upon which 
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provided is the upper shield layer. 

In this embodiment, it has been shown in which the second 
underlying layer for magnetic layer 12a , the second magnetic 
layer 12b f the third non-magnetic layer 13, and the first 
magnetic layer 8 are patterned. However, the second non-magnetic 
layer 9 may extend like the pattern of the first magnetic layer 8. 
Alternatively, the second non-magnetic layer 9 may be extended 
further than the pattern of the free layer 3b, the non-magnetic 
layer 4, the fixed layer 5, the fixing layer 6b, and the upper 
layer 7 and may be smaller than the pattern of the magnetic layer 
8. 

In addition, the vertical bias film underlying layer 2a, 
the second non-Underlying layer for magnetic layer 12a, and the 
upper layer 7 can be omitted. Furthermore, a protective layer 
for protecting the vertical bias layer can be provided above the 
vertical bias layer 2b. Furthermore, the second underlying layer 
for magnetic layer 12a, the second magnetic layer 12b, the third 
non-magnetic layer 13, and the first magnetic layer 8 do not 
always have to extend. 

Figs. 103 and 104 are fragmentary sectional views 
illustrating the structure of a magneto-resistance effect element 
according to a variation of this embodiment. Fig. 103 shows that 
the second underlying layer for magnetic layer 12a, the second 
magnetic layer 12b, the third non-magnetic layer 13, and the 
first magnetic layer 8 are patterned. 

In addition, Fig. 104 shows that the second underlying 
layer for magnetic layer 12a, the second magnetic layer 12b, the 
third non-magnetic layer 13, and the first magnetic layer 8 are 
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patterned to be generally equal in size to the pattern of the 
second non-magnetic layer 9, the free layer 3b , the first the 
non-magnetic layer 4, the fixed layer 5, the fixing layer 6b f and 
the upper layer 7. The magneto-resistance effect element shown 
in Figs. 103 and 104 can also be employed for the magneto- 
resistance effect head. 

Furthermore, the pattern of the second magnetic layer 12b 
may be larger than that of the third non-magnetic layer 13 , and 
the pattern of the third non-magnetic layer 13 may be larger than 
that of the first magnetic layer 8b. 

Now, shown below is an application embodiment of the 
magneto-resistance effect element according to the present 
invention to a read/write head and a read/write system. Fig. 105 
shows a schematic view illustrating a magnetic read/write head 
according to this embodiment. In this magnetic read/write head 
(a read/write element portion 130), provided on a substrate 42 is 
a read head 45, including the aforementioned magneto-resistance 
effect head as part thereof, for reading a signal from a storage 
medium. In addition, on the read head 45, there is provided a 
write head 46, comprising a magnetic pole 43, a plurality of 
coils 41, and an upper magnetic pole 44, for writing a signal 
onto the storage medium. In this case, the magnetic pole 43 may 
be commonly used as the upper shield layer or may be provided 
separately. As shown in Fig. 105, the magneto-sensitive portion 
of the read head 45 and the magnetic gap of the write head are 
formed to overlap each other on the same slider, thereby making 
it possible to simultaneously position them on the same track. 
And, the write head 46 applies a magnetic field to a storage 
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medium (not shown) to write data thereon , and the read head 45 
reads data stored in this storage medium. This read/write head 
is machined into a slider to be mounted on a magnetic read/write 
device . 

Fig, 106 is a schematic view illustrating the structure of 
a magneto-resistance transducer system, comprising the magnetic 
read/write head shown in Fig. 105 , according to this embodiment. 
This magneto-resistance transducer system is provided with the 
read/write element portion 130 (a magnetic read/write head) 
formed in a board 129 constituting the slider and is protected by 
a protective film 132. For example, the board 129 is formed of 
Al 2 0 3 -TiC composite ceramic or the like, while the protective film 
132 is formed of diamond-like carbon. 

The read/write element portion 130 is provided with 
electrode terminals 131a connected to the write element portion 
(the write head) and electrode terminals 131b connected to the 
read element portion (the read head). The electrode terminal 
131a applies a drive electric current to the write element 
portion and is connected to an electric current drive circuit 133 
for causing write operation to occur. In addition, the electrode 
terminal 131b is connected to an electric current generator 
circuit 134 for conducting a sense current through the read 
element portion. The electrode terminal 131b is also connected 
to a data read circuit 135 for detecting a voltage change caused 
by a change in specific resistance of the read element portion as 
a function of an applied magnetic field to read data information 
stored on the storage medium. As described above, the magneto- 
resistance transducer system comprises the read/write element 



portion 130, the electric current generator circuit 134, and the 
data read circuit 135. 

Fig. 107 is a schematic view illustrating an embodiment of 
a magnetic storage system employing the magneto-resistance 
transducer system shown in Fig. 106. This magnetic storage 
system comprises a magneto-resistance transducer system having a 
magnetic read/write head 103 , sense current detecting means 107 , 
and a controller 108. The magnetic storage system also comprises 
a magnetic storage medium 102 having a plurality of tracks for 
storing data, a first actuator 106 having a VCM (Voice Coil 
Motor) for moving the magnetic read/write head 103 to a given 
position on the magnetic storage medium 102, and a second 
actuator 101 having a motor for rotating the magnetic storage 
medium 102. In addition, the magnetic read/write head 103 is 
supported by a suspension 104 and an arm 105. 

Fig. 108 is a perspective view illustrating a specific 
embodiment of the magnetic storage system. In this embodiment, a 
read head 51 and a write head 50 are formed on a board 52 that 
also serves as a head slider and positioned on a storage medium 
53 for read operation. The storage medium 53 rotates and the 
head slider moves relatively thereto 0.2 i±m or less above the 
storage medium 53 or in contact therewith. This mechanism allows 
the read head 51 to be set to where the read head 51 can read a 
magnetic signal stored on the storage medium 53 from a leak 
magnetic field 54. 

As the magnetic memory system of the present invention, it 
is possible to employ hard disk devices, flexible disk devices, 
and magnetic tape units. The hard disk devices include a fixed 
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disk device that allows no disks to be replaced and a disk device 
that allows disks to be replaced. 

Now, described below is a prototype of a magnetic memory 
device fabricated according to the present invention. The 
5 magnetic memory device comprises three magnetic disks (magnetic 
storage media) on the base and houses, on the reverse side of the 
base, a head drive circuit, a signal processing circuit, and an 
input/output interface. The magnetic memory device is connected 
to the outside by a 32-bit bus line. The magnetic memory device 
10 is provided with six heads arranged on both sides of a magnetic 
disk, a rotary actuator for driving the heads (actuator means), 
;R and a drive circuit, a control circuit, and a motor directly 

*B connected to the disk rotating for use therewith. The disk is 

□ 63mm in diameter and uses the range from 10mm to 57mm in diameter 

!=J 15 as the data storage surface. A buried servo scheme is employed 

j3 

13 and thereby no servo surface is prevent, thus making it possible 

to provide a high density. It is possible to directly connect 
this device to a small computer as an auxiliary memory device. 
The input /output interface is provided with a cash memory, 

20 corresponding to a bus line having transfer speeds within the 

range of 5 to 20MB per second. It is also possible to provide an 
external controller having a plurality of the devices connected 
thereto, thereby constituting a large-capacity magnetic disk unit. 
Now, the effect of the embodiments according to the 

25 present invention is specifically described below in comparison 
with comparative examples that depart from the scope of the 
claims. First, for comparison purposes, the head having the 
structure of Figs. 1 and 2 described in the section of the prior 
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art was prepared. After the deposition of the films, heat 
treatment was performed for five hours at a temperature of 250*0 
while a magnetic field of 7.9Xl05A/m was being applied in the 
direction perpendicular to the magnetic field applied upon 
deposition. 

The following materials were employed as each component 
that forms the head. The composition of each of the material 
shown below is that of the targets employed for sputtering 
(atom %), and the numerals in the parentheses denote the 
thickness of the layer. 

Substrate: alumina of 3 Mm layered on an altic layer 1.2mm 
in thickness 

Lower shield layer :Co89Zr4Ta4Cr3 (lWm) 

Lower conductive layer: Ta (20 Mm) 

Upper electrode layer: not available 

Upper shield layer: Co65Nil2Fe23 (lMm) 

Insulation layer: alumina (20nm) 

Underlying layer vertical bias: Cr (lOnm) 

Vertical bias: Co74.5Crl0.5Ptl5 (33nm) 

Lower gap layer: not available 

Upper gap layer: not available 

Upper layer: Ta (5nm) 

Underlying layer for free layer: Ta (3nm) 
Fixing layer: Pt46Mn54 (20nm) 

Fixed layer: three-layer film (Co90FelO (3nm) /Ru (0.7nm) 
/Co50Fe50 (3nm)) 

Non-magnetic layer: Al oxide (0.7nm) 
Free layer: Ni82Fel8 (5nm) 



i 
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Upper layer: Ta (3nm) 

This head was machined and sliced into a merged read/write 
head like the read head 45 shown in Fig* 105 and then data was 
written onto and read from a CoCrTa-based medium. And, the write 
5 track was 0.7 Mm in width and the read track was 0.4/zm in width. 
The TMR element portion was fabricated through the 
photoresist process employing the i-line and the milling process. 
Upon preparing the coil portion of the write head, the 
photoresist was held at a temperature of 250*0 for two hours and 
10 thereby hardened. 

This process caused the fixed layer and the fixing layer 
IF, to rotate their orientation of magnetization which should be 

?ff directed along the height of the element, thereby resulting in 

□ improper operation of the magneto-resistance effect element. 

jy 15 Accordingly, after the read head portion and the write head 

1 3 

q portion were prepared, magnetization heat treatment was performed 

for one hour at a temperature 200^ in a magnetic field of 4. OX 
10 4 A/m. Almost no rotation of the magnetization easy axis of the 
free layer in the orientation of magnetization caused by this 
20 magnetization heat treatment was observed in the magnetization 
curve. 

It was assumed that the coercive force of the medium was 
2.4Xio 5 A/m, and MrT (the product of residual magnetization and 
film thickness) was 0.35emu/cm 2 . Using ten prototype heads of 
25 each structure, the read output, S/N ratio, and effective track 
width were measured. The results of measurement made on the 
structure of Fig. 2 are shown in Table 1, and the results of 
measurement made on the structure of Fig. 1 are shown in Table 2. 
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Table 1 



Element No. 


Output (mV) 


(S/N) ratio (dB) 


1 


3.1 


21 


2 


3.0 


20 


3 


2.8 


19 


4 


2.9 


18 


5 


2.9 


19 


6 


3.1 


21 


7 


2.9 


19 


8 


3.1 


19 


9 


3.0 


21 


10 


2.8 


19 


Table 2 


Element No. 


Output (mV) 


(S/N) ratio (dB) 


1 


1.2 


17 


2 


1.1 


16 


3 


0 


0 


4 


0.5 


12 


5 


0.2 


5 


6 


0.3 


8 


7 


0.4 


9 


8 


0.2 


2 


9 


0 


0 


10 


0.3 


8 



The structure of Fig. 1 provides a read output as high as 
2.8 to 3.1mV but S/N ratio as low as 18 to 21dB. This was caused 
by Barkhausen noise included in the read signal. It was found by 




measuring the R-H loop of the head that the hysteresis produced 
by the inversion of the free layer magnetization was so high as 
to cause the Barkhausen noise involved in the magnetic wall 
displacement of the free layer. In the structure of Fig. 1, it 
is considered that since the vertical bias layer and the free 
layer are isolated by the insulation layer, the vertical bias 
magnetic field is not applied sufficiently to the free layer , so 
that the vertical bias magnetic field does not contribute to the 
reduction in Barkhausen noise. 

On the other hand, in the structure of Fig. 2, the read 
output was as low as 0 to 1.2mV, and accordingly the (S/N) ratio 
was as low as 0 to 17dB. This is because the sense current leaks 
out to the vertical bias layer 2b and thus does not conduct 
through the non-magnetic layer 4. In this structure, it may be 
possible in principle to prevent the leakage of the sense current 
to the vertical bias layer 2b; however, the leakage cannot be 
prevented. This is conceivably because the structure cannot be 
precisely fabricated to prevent the leakage of the sense current 
to the vertical bias layer 2b and conduct the sense current 
sufficiently through the non-magnetic layer 4. This results from 
the fact that the vertical bias layer 2b is in close proximity to 
the end portion of the non-magnetic layer 4 (barrier layer) in 
the layered body made up of the fixed layer 5, the non-magnetic 
layer 4, and the free layer 3. 

Then, as an embodiment of the present invention, 
fabricated was the magneto-resistance effect head of the 
structure shown in Figs. 10, 21, 31, 37, 49, and 64. And, the 
following materials were employed as each component that forms 
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the magneto-resistance effect head. 

Substrate: alumina of 3 Mm layered on an altic layer 1.2mm 
in thickness 

Lower shield layer :Co89Zr4Ta4Cr3 (lMm) 

Lower conductive layer: Ta (20 Mm) 

Upper electrode layer: not available 

Upper shield layer: Co65Nil2Fe23 (1/im) 

Insulation layer: alumina (20nm) 

Underlying layer for vertical bias layer: Cr (lOnm) 
Vertical bias: Co74.5CrlO .5Ptl5 (33nm) 
Lower gap layer: not available 
Upper gap layer: not available 
Upper layer: Ta (5nm) 

Underlying layer for free layer: Ta (3nm) 
Underlying layer for magnetic layer: Ta (3nm) 
Fixing layer: Pt46Mn54 (20nm) 
Second fixing layer: Pt46Mn54 (20nm) 

Fixed layer: three-layer film (Co90FelO (3nm) /Ru (0.7nm) 
/Co50Fe50 (3nm)) 

Second fixed layer: three-layer film (Co90FelO (3nm) /Ru 
(0.7nm) /Co50Fe50 (3nm)) 

First non-magnetic layer: Al oxide (0.7nm) 

Second non-magnetic layer: Ru (0.75nm) 

Third non-magnetic layer: Ru (0.75nm) 

Fourth non-magnetic layer: Ru (0.75nm) 

Fifth non-magnetic layer: Al oxide (0.7nm) 

Free layer: Ni82Fel8 (5nm) 

Magnetic layer: Ni82Fel8 (5nm) 



Upper layer: Ta (3nm) 

This head was machined and sliced into a merged read/write 
head like the read head 45 shown in Fig. 105 and then data was 
written onto and read from a CoCrTa-based medium. And, the write 
track was 0.7^m in width and the read track was 0.4 Mm in width. 

The TMR element portion was fabricated through the 
photoresist process employing the i-line and the milling process. 
Upon preparing the coil portion of the write head, the 
photoresist was held at a temperature of 250^ for two hours and 
thereby hardened. 

This process caused the fixed layer and the fixing layer 
to rotate their orientation of magnetization, which should be 
directed along the height of the element, thereby resulting in 
improper operation of the magneto-resistance effect element. 
Accordingly, after the read head portion and the write head 
portion were prepared, magnetization heat treatment was performed 
for one hour at a temperature 200*0 in a magnetic field of 4. OX 
10 4 A/m. Almost no rotation of the magnetization easy axis of the 
free layer in the orientation of magnetization caused by this 
magnetization heat treatment was observed in the magnetization 
curve. 

It was assumed that the coercive force of the medium was 
2.4Xio 5 A/m, and MrT (the product of residual magnetization and 
film thickness) was 0.35emu/cm 2 . Using ten prototype heads of 
each structure, the read output, S/N ratio, and effective track 
width were measured. The results of measurement made on the 
structure of Figs. 10, 21, 31, 37, 49, and 64 are shown in Tables 
1 to 8. 
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Table 3 



Element 
No. 


Output 
(mV) 


(S/N) ratio 
(dB) 


Effective track width 
( Mm) 


1 


3.0 


27 


0.61 


2 


3.1 


26 


0.59 


3 


2.9 


27 


0.60 


4 


3.0 


28 


0.61 


5 


2.8 


26 


0.57 


6 


3.0 


27 


0.57 


7 


3.1 


28 


0.60 


8 


3.0 


27 


0.59 


9 


2.8 


26 


0.58 


10 


2.8 


25 


0.57 



Table 4 



Element 
No. 


Output 
(mV) 


(S/N) ratio 
(dB) 


Effective track width 
( Um) 


1 


3.0 


27 


0.58 


2 


2.8 


28 


0.59 


3 


2.9 


27 


0.57 


4 


2.8 


27 


0.57 


5 


2.7 


26 


0.59 


6 


3.0 


25 


0.60 


7 


3.1 


27 


0.59 


8 


3.0 


28 


0.58 


9 


3.1 


26 


0.57 


10 


3.0 


25 


0.60 
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Table 5 



Element 
No. 


Output 
(rciV) 


(S/N) ratio 
(dB) 


Effective track width 
( Aim) 


1 


3.2 


27 


0.58 


2 


3.1 


27 


0.57 


3 


2.9 


28 


0.56 


4 


2.7 


26 


0.58 


5 


2.8 


27 


0.60 


6 


2.9 


27 


0.60 


7 


2.8 


26 


0.58 


8 


3.0 


27 


0.57 


9 


3.0 


28 


0.59 


10 


3.1 


27 


0.60 



Table 6 



Element 
No. 


Output 
(mV) 


(S/N) ratio 
(dB) 


Effective track width 
( Aim) 


1 


2.9 


28 


0.58 


2 


2.8 


27 


0.59 


3 


2.7 


26 


0.56 


4 


2.8 


27 


0.58 


5 


2.9 


27 


0.56 


6 


2.9 


26 


0.55 


7 


2.7 


27 


0.54 


8 


2.8 


26 


0.58 


9 


2.7 


26 


0.56 


10 


2.9 


28 


0.57 



Table 7 



Element 
No. 


Output 
(mV) 


(S/N) ratio 
(dB) 


Effective track width 
( Aim) 


1 


2.8 


27 


0.55 


2 


2.7 


28 


0.54 


3 


2.8 


26 


0.53 


4 


2.9 


27 


0.54 


5 


2.9 


28 


0.54 


6 


3.0 


27 


0.542 


7 


2.8 


26 


0.53 


8 


2.9 


27 


0.54 


9 


2.9 


28 


0.55 


10 


2.8 


25 


0.51 


Table 8 


Element 
No. 


Output 
(mV) 


(S/N) ratio 
(dB) 


Effective track width 
( Aim) 


1 


2.9 


25 


4.8 


2 


2.9 


26 


4.9 


3 


2.7 


26 


4.8 


4 


2.6 


27 


5.1 


5 


2.7 


26 


4.8 


6 


2.8 


26 


5.0 


7 


2.5 


25 


5.1 


8 


2.5 


27 


4.9 


9 


2.6 


25 


4.6 


10 


2.6 


25 


4.5 



It can be seen that any one of the structures shown in 
Figs. 10 , 21, 31, 37, 49 and 64 provides a S/N ratio of 25dB or 



* 



- 98 - 

more, thus providing a significantly improved S/N ratio in 
comparison with the prior-art example. This is because any one 
of the structures can prevent the sense current from bypassing 
the barrier layer, and therefore provide sufficient output and 
5 successfully apply a proper amount of vertical bias magnetic 
field to the free layer, thereby making it possible to 
sufficiently reduce noise and thus provide a good S/N ratio. 
Among the magneto-resistance effect heads shown in Figs. 10, 21, 
31, 37, 49, and 64, the one shown in Fig. 64 has the smallest 

10 effective track width and provides the best result. This is 

conceivably because the magneto-resistance effect head shown in 
Fig. 64 has a layered anti-ferromagnetic layer structure of the 
magnetic layer 8, the third non-magnetic layer 13, and the second 
magnetic layer 12. This structure is thereby prevented from 

15 being subjected to the effect of the leakage magnetic field from 
the medium, so that the read effective track width is determined 
only by the width of the free layer 3b. 



